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Control room for crude unit at Standard Oil’s Bakersfield, 
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AND DEPENDABILITY IS A MUST 


The ingenious, simply-designed mechanism of 
Fisher Wizard Controllers provides extreme 
accuracy and dependability in pressure control. 


Fisher Wizard Controllers will completely 
solve your pressure control problems. They 
are individually built to meet your exact 
operating conditions, and are guaranteed to 
give satisfactory performance. 





High pressure Fisher Wizards are available 
in throttling and snap acting types. Bourdon 
Tube pressures from 5 to 10,000 P.S.I. Dia- 


phragm or remote panel mounting. 


Low pressure Fisher Wizards available in 
diaphragm type mounting only. Bellows pres- 
sures from 12 to 15 P.S.I. 


FISHER LEADS THE INDUSTRY IN RESEARCH 
FOR BETTER PRESSURE CONTROL 








Bourdon tube 


P.S.1. 


HIGH PRESSURE 


pres- 
sures from 5 to 10,000 


LOW PRESSURE 
Bellows pressure from 
Y2 to 15 P.S.1. 











Today’s high-level, high-speed aerial attack imposes 
ever-increasing burdens on ground defenses. Only 
electronics can supply the split-second action now 
demanded for effective antiaircraft gunnery. During 
thirty-three years of collaboration with our Armed 
Forces, Arma has developed the matthless research 
and engineering skills required to design, improve and 
Produce many of the complex instruments that keep 
our naval, military and aerial weapons abreast of 
constantly changing target problems. 








Electronics puts real sting 
in modern ground defenses 








ARMA CORPORATION 


254 36th Street, Brooklyn 32, N. Y. 
SUBSIDIARY OF AMERICAN BOSCH CORPORATION 








QUALITY 7-21 4,TN PRECISION 


INSTRUMENT 
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Youll be\/glad you checked 
BRISTOL'S DYNAMASTER 


Continuous-balancing electronic recorders 


A high-speed, accurate electronic brain to measure, record, and control 
d-c voltage, d-c current, resistance, capacitance —or any variable that can 
be converted into those quantities. 
The continuous-balancing circuit responds to minute changes instantly. 
Available as a self-balancing bridge or potentiometer, the Dynamaster 
is a versatile, dependable, trouble-free measuring instrument. 


BRISTOL | 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 
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ECK/THESE 





Simple design for long, trouble-free operation 
Little or no maintenance 
Electronic component uses vacuum tubes 
, available from any radio supply house 
Full-scale pen travel in 7, 3, or 4% seconds 
Chart speeds from % in. per hour 
to 7200 in. per hour 
Multipoint recorders up to 16 points 
Same amplifier used on all Dynamaster models 
... can be removed and replaced with 
nothing but a screwdriver 
Periodic automatic standardization 
on potentiometer models 
Exceptionally unaffected by stray currents 
(1000 to 1 discrimination) 


Practically immune to vibration or shock 


FOR MORE INFORMATION on how 
Dynamaster can solve your measurement 
problems, use the coupon to send for 
Catalog No. P1245. 





COMPANIES LIKE THESE 


are using 
Dynamasters 


North American Cyanamid Limited 
Jones & Laughlin Steel Corporation 


Raybestos-Manhattan, Inc. 
Manhattan Rubber Division 


Consolidated Edison Co. of New York, Inc. 
Friez Instrument Division, 
Bendix Aviation Corp. 
Scovill Manufacturing Company 
Pratt & Whitney Division, 
Niles-Bement-Pond Co. 
International Harvester Company 
Westinghouse Electric Corporation 
The Johns Hopkins University 
United Aircraft Corporation 
The Sponge Rubber Products Company 
Commercial Solvents Corporation 
Armstrong Cork Company 
United States Steel Company 
Collins Radio Company 
Baldwin-Lima-Hamilton Corp. 
Ruge- de Forrest Company 
National Bureau of Standards 
Bausch & Lomb Optical Company 
Koppers Company, Inc. 
Bell Aircraft Corporation 
The B. F. Goodrich Company 
Boeing Airplane Company 
Industrial Nucleonics Corp. 
E.1. du Pont de Nemours & Co., Inc. 
Automatic Temperature Control Co., Inc. 
Swindell-Dressler Corporation 


Woods Hole Oceanographic Institution 


Jarrell-Ash Company 


National Research Corporation 


THE BRISTOL COMPANY 
113 Bristol Road 
Waterbury 20, Conn. 


Please send catalog giving details of 
Dynamaster performance to: 
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COMPANY 

ADDRESS 

CITY ZONE STATE 
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Specify 


CONTROL 





Five Section Cubicle 
control board and lighting canopy 











—FOR ALL PANELBOARD 
AND HOUSING REQUIREMENTS 


You can depend on Falstrom for experienced 
design and expert workmanship in the building 
of panelboards, switchboards, cubicles, instru- 
ment panels, control centers and switchgear 
housings. Falstrom service includes the planning 
and production of distinctive, finished housings 
with functional qualities that assure practical 
economical installations. Check with Falstrom, 
now. Fill out and mail handy coupon for details. 






FALSTROM 





COMPANY 


92 FALSTROM COURT ° 





PASSAIC, NEW JERSEY 
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—service on control 
panels is complete! 
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This instrument has been used extensively by 
the leading motor-car manufacturers for road 
testing on the “Proving Grounds” — where 

ance counts. Housed in a rectangular 
bakelite case, this reliable, fully compensated 
pyrometer is furnished with 6 in. hand drawn 
scales for greater accuracy. The Model 58PY 
is available for use with all standard thermo- 
couple materials, in many ranges to suit the 
most exacting application. 
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MODEL 58PY 


Manufactured with the same type of move- 
ment as our aircraft pyrometers, the Model 
238 pyrometer is well suited for use in mov- 
ing vehicles and has been successfully used 
in many marine diesel installations for meas- 
uring exhaust temperatures. It is housed in a 
4in. round bakelite case that is flanged for 
panel mounting, and is available in several 
ranges for use with various thermocouple 
materials. 





MODEL 23B 


THERMOCOUPLES for use with the above indicators 


are available in many styles for special applications. 


The Model 20B series of indicators are pat- 





terned after our standard aircraft instruments 
and gre supplied with 3” round steel cases 
suitable for panel installation. These com- 
pact, sturdy indicators have 2% in. scales, 
are fully cold-end compensated and are 
available in many ranges for use with vari- 
ous thermocouple materials. 


MODEL 20B 


The Model 62RT4F resistance thermometer is 
a sturdy easy-to-read instrument with a 6 in. 
hand drawn scale. It is suitable for use in 
moving vehicles and is excellent for flight- 
test work. It is operated by an ordinary dry 
cell and is calibrated to standard “AN” bulb 
curves for various ranges in fahrenheit or 
centigrade. 


MODEL 62RT4 








We have developed a complete line of aircraft, in- 
dustrial and automotive thermocouples and would be 
pleased to offer our recommendation for your ap- 
plication. 


THERMOCOUPLE LEAD WIRE for connecting 
thermocouples to the indicators is manufactured in 
iron-constantan, copper-constantan or chromel-alumel 
material with standard and special insulation. Use 
Lewis lead-wire with Lewis instruments and thermo- 
couples for best results. 


RESISTANCE BULBS for use as sensing elements for 
the 62RT4 thermometers are available in several types 
for various applications, for measuring free air or 
liquid temperatures. We invite inquiries on your ap- 
plication. 


THE LEWIS ENGINEERING CO. 


Specialists in Electrical Temperature Weasurements 
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SHORT... not long! 


The picture above sectionalizes one of our standard 12 inch 
Foster Flow Tubes. Put a rule on it, lengthwise and dia- 
metrically. What do you make the length-diameter ratio? 
About 112 to 1? 

Yes, 142 to 1 is about the maximum ratio of length to diam- 
eter in the Foster Line of Flow Tubes in sizes 3” and above. 
Some units have less than a 1 to 1 ratio, particularly when 
high velocities are encountered. What does this mean to you 
in the way of installation costs and housing? You can readily 
picture how easy it is to set the Tube in a line. Just like a 


section of pipe. And with this compactness is an accuracy 


which not only equals the accuracy of conventional long primary 
devices but in most cases exceeds it. This is due to the greater 
pressure differentials for any given main-to-throat reduction. 

Yes, you get great compactness and ease of installation 
with the Foster Flow Tube. You also can count on satisfactory 
accuracy. As for your specific applications, write us in detail 
giving both processing and installation requirements. Standard 
sizes come in all commercial pipe diameters, flanged or screwed 
connections. Standard lining is bronze; other metals to order. 


*A Proved Flow Tube Added to Foster Line of Regulating Valves 


FOSTER ENGINEERING 
835 Lehigh Avenve * Union, N. J. (“ompany 


PRESSURE REGULATORS... RELIEF AND BACK PRESSURE VALVES...CUSHION CHECK VALVES... ALTITUDE VALVES... FAN 
ENGINE REGULATORS... PUMP GOVERNORS .. TEMPERATURE REGULATORS... FLOAT AND LEVER BALANCED VALVES... 
NON-RETURN VALVES... VACUUM REGULATORS OR BREAKERS... STRAINERS .. 


Page 246—Instruments—Vol. 25 


SIRENS ... SAFETY VALVES...nLOW TUBES 
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SYLPHON CONTROLS FOR DEPENDABILITY 


BETTER THAN ANY HAND 








...for efficient, economical process control 


@ An automatic Sylphon Control can do a 
better job, any time, than hand-operated 
valves or “guess methods” do at governing 
temperatures. For Sylphon Controls main- 
tain temperature that assures uniform process- 
ing conditions . . . constant product quality. 
They help reduce spoilage, wasteful over- 
heating . . . save manpower and manhours. 
They do their jobs dependably—day in and 


day out. 
Sylphon Temperature 


Regulator No. 999, 
pictured here, is one of 





FIRST WITH BELLOWS 


the Sylphon line. Its outstanding features 
include stainless steel frame for minimum 
heat conduction from valve to regulator head 
... large size 2-ply Sylphon bellows for added 
power ... less height and weight than other 
types. Self-operating—requires no auxiliary 
power source. Particularly suited for storage 
water heaters, metal plating tanks, bottle 
washers, treaters, slashers, etc. 


Find out about the advantages of No. 999, 
or of other Sylphon Regulators, for maintain- 
ing constant processing control temperature. 
Write for Catalog EE. 


; Temperature Gniroli + Balllnws Daricas + Cb Slows Cssenllles 


pFuLron s 


ROBERTSHAW-FULTON CONTROLS CO.. KNOXVILLE 4. TENN. 


YLPHOR 


Canadian Representatives, Darling Brothers, Montreal 
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JAN-TYPE 


WIRE-WOUND MEET REQUIREMENTS OF 


JOINT ARMY-NAVY SPECIFICATION JAN-R-26A 
RESISTORS | 














OFM arte 


with the ALL-METAL 
Foxboro dip Cell! 


... gives fastest response, 
longest sustained accuracy, 
lowest installation cost 


Simpler in design, simpler and much less expensive to install, far 
easier to maintain . . . the all-metal Foxboro mercury-less d/p Cell 
offers greater speed. of response, permitting closer flow control, 
than has ever been possible before. Its negligible displacement 
and corrosion-proof construction of Type 316 Stainless Steel elim- 
inate usual maintenance problems, even in service on highly 
corrosive or viscous fluids previously considered unmeasurable. 

The Foxboro d/p Cell measures differential pressure by the 
force-balance principle and transmits pneumatically to indicating, 
recording, or controlling receivers. Small, compact, weighs as 
little as 19 lb. Ranges: from 25” to 800” H2O. Working pressure 
ratings up to 4000 psi. Steel or stainless steel construction. Inher- 
ent over-range protection. Easy in-the-field calibration and 
tange changes. Optionally available with pre-assembled mani- 
fold piping shown in photo above. 

Thousands of d/p Cells now in use throughout industry, with 
many repeat orders now on our books, indicate the wide accept- 
ance and successful performance of this revolutionary develop- 
ment for the measurement of liquid, steam, gas, or air flow. Write 
for detailed Bulletin 420. The Foxboro Company, 463 Neponset 
Avenue, Foxboro, Massachusetts, U. S. A. 


RECORDING - CONTROLLING - INDICATING 


INSTRUMENTS 


FACTORIES IN THE UNITED STATES, CANADA, AND ENGLAND 
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barometric compensation, 


Taylor Differential Pressure Manometers give accurate, de- 
pendable measurement of flow, liquid level and specific 
gravity. Mercury model (/eft) is accurtae to % of 1% 
of the range, has interchangeable tubes for continuous 
ranges from 10 to 500 inches of water. Aneroid (mercury- 
less) models (right) of 300 and 1500 psi working pres- 
sures. Range limits: 0 to 20” to 0 to 500” water. Also 


Taylor TRANSAIRE* Transmitters virtually clim- 
inate time lag in measuring smallest changes 
in variables. Temperature model (Jeff) has 
derivative action, Speep-Act*, in measuring 
circuit, which assures dynamic accuracy under 
changing conditions. Pressure model (right) 
detects changes of .1% of range span, ac- 
curate to 4% of range span rather than pres- 
sure level. Available in 20 and 40 lb. pressure 
spans to 400 Ibs. limit, 50 and 100 Ib. pressure 
spans to 1,000 Ibs. limit. Temperature and 
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1% Accuracy of TRANSET* Recorder 
(left) takes fullest advantage of 
Transaire Transmitter precision. 
Recorder has automatic-manual 
unit, remote set-point adjust- 
ment, valve position indicator. 
Takes 434” x 5” panel space. 
30 day linear chart, 3 hours 
visible. 


has all 


Recorder. 


TRANSET Receiving Flow 
Integrator (/cft) also 
takes just 43” x 5” panel 
space. It totals the flow 
of liquids and gases, is 
available in square root 
or linear forms. Like the 
other Transet Receivers, 
its small size makes it 
ideal for graphic panels. 


cular charts. 


Vol. 25 


Instruments 





Taylor 84JF Recording Re- 
ceiver (right) is an alter- 
nate part of the Tran- 
set Svstem designed for 
those who want match- 
ing Cases On convention- 
al panel boards. Has all 
the features of the small 
Transet Recorder, but 
utilizes standard 12” cir- 


The TRANSET Indicator (right) 
the features of the 
Transet Recorder, but gives 
no chart record. Easy reading 
314” dial, mounts in same 
size panel opening as TRANSET 




















| CONTROL 


The TRI-ACT* Controller (right) is a force-balance pneumatic 
controller with a new circuit embodying three control 
responses: proportional, Pre-Acr* (rate action) and auto- 
matic reset. Gives a precision of control never before 
believed possible, with faster, more stable recovery on 
load changes, no overpeaking on start-up. Can be locally 
or panel mounted. 


BI-ACT* is TRI-ACT's little brother. The Bi-Acr Controller 
(left) is a lower cost instrument with two control re- 
sponses, proportional and automatic reset, both adjusted 
with one stability knob. It’s the ideal instrument for 
dependable, accurate performance on those applications 
where the quality of control obtainable with derivative 
response is not essential. 
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with Taylor’s TRANSET* System 
regulating any process variable 


HE ANSWER to almost any industrial control prob- write for Bulletin 98097. Taylor Instrument Companies, 








lem is on these pages. Taylor’s New TRANSET 
Control System can control practically any process 
variable, with a precision never before possible. 


A wide variety of units available within each of the 
system's three steps, measuring, controlling and re- 
ceiving, makes TRANSET Control adaptable to fit 
your control requirement perfectly. Each unit incor- 
porates brand-new features and techniques, and the 
units in each step are designed to take fullest advantage 
of the superior performance of units in the other steps. 
It's an unbeatable team that can cut costs and improve 
product quality in any process industry. 


for full information on how you can profit from Taylor 
TRANSET Control, ask your Taylor Field Engineer, or 


Rochester, N. Y., or Toronto, Canada. 


Instruments for indicating, recording and 
controlling temperature, pressure, flow, liquid 
level, speed, density, load and humidity. 


r > 
‘Taylor Instruments 


ACCURACY FIRST 











INDUSTRY 


IN HOME AND 
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Main Panel Board for control of 3000 bbl per day Kiln 
at Missouri Portland Cement Company, St. Louis, Missouri. 


Bailey Control for Rotary Kilns give s you better — 
ance three — 
- Economical Operation 

2 Uniform Quality of Product 

3. Reduced Maintenance 
These are advantages which can be achieved when all phases 
of kiln operation are coordinated to work together as a team. 
Here’s how Bailey Kiln Control can help you get all three. 


ECONOMICAL OPERATION 


With Bailey Combustion Control you can be certain that 
you are getting maximum product for every unit of fuel 
you burn. Bailey Control closely guards the Fuel-Air 
Ratio, Hood Draft. Fuel Feed, Clinker Cooling and the 


Temperature of Air for Combustion. 


UNIFORM QUALITY OF PRODUCT 


Bailey Instruments and Controls can help you achieve a 


bailey Control 
for Rotary Kilns 


uniform high grade product. Measurements of tempera- 
tures, kiln speed, combustibles content, and oxygen con- 
tent can be transmitted to recorders on centrally located 
control boards like the one shown. There is no sacrifice 
of accuracy or speed of response. High temperature alarm 
contacts may also be provided with Bailey Pyrometers as 
a further aid in achieving optimum uniformity of product, 


REDUCED MAINTENANCE 
By maintaining uniform temperatures and excess air con- 
ditions in the kiln. Bailey Controls help to reduce to a 
minimum costly refractory repairs and wear and tear on 
auxiliary equipment. 


Bailey Meter Company has a staff of engineers who are 
experts in the control of rotary kilns. Assure yourself of 
optimum kiln performance. Let one of these men help 
plan your Kiln Control System. P-22 


BAILEY METER COMPANY 


1041 IVANHOE ROAD . . CLEVELAND 10, OHIO 


° 
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USING ANY OF THESE? 


then you can 


SAVE TIME 
AND MONEY 


with Weatherhead 


ERMETO. 


This fitting will save you up to 60% on steel tubing 
installation time... up to 40% on copper and alumi- 
num. You can make tube connections at all pressures 
—economically at low pressures, safely and economi- 
cally at elevated hydrostatic pressures. There’s NO 
FLARING, NO THREADING, NO WELDING, NO 
SOLDERING—fast installation with only a wrench... 
no special tools required. Disassembly is easy... and 
you are assured of a pressure-tight joint every time 
you retighten. Ermeto meets J. I. C. Requirements. 


The Weatherhead 
ERMETO sleeve makes 
the difference! See how 
nut presses sleeve as 
threads engage. Forces 
acting on sleeve cause it 
to bow slightly and ac- 
tually bite into the sur- 
face of the tube. This 
strengthens the seal, dis- 
tributes vibration strains 
and holds a constant ten- 
sion between body and 
nut to prevent loosening. 


WRITE for complete details—get 


ERMETO CATALOG No. E-1457 for 


information on ERMETO sizes, types, 
installation. Address: Dept. S, THE 
WEATHERHEAD Company, Cleveland 8, 
Ohio. In Canada, THE WEATHERHEAD 
Company, L1p., St. Thomas, Ontario. 








Machine Tools 





Marine Engines 





Pressure Lubrication 





Hydraulic Equipment 





Power Plant Instruments 





Diesel Engines 





Material Flow Lines 





Refinery Instrumentation 





Compressors 





Control Panels 





Stationary Engines 





High Pressure Air 





Hydraulic Braking Devices 





Chemical Process Control Instruments 





Railroad Motive Power 





Material Handling Equipment 





High Pressure Steam 





NEN NEN ENP NP REN PNET AEN 


Textile Processing Equipment 

















a Po 


/ 


FIRST IN HYDRAULIC CONNECTIONS 
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HOW K & M VALVES 


HELP “SOFTEN UP” 120,000 GALLONS 


OF HARD WATER PER HOUR 


The mineral salts in hard water can cause extremely costly 
damage to the boilers of a power plant. 

At one of America’s most important industrial plants, a massive 
installation of cation and anion exchangers “softens up” or de- 
mineralizes water at the rate of 120,000 gallons per hour, thus 
protecting the steam generators. 

The big exchanger units are complicated and require trust- 
worthy regulation of flow at many points. 125 K & M Saunders- 
Type valves in the assembly do the job with safety, certainty 
and precision. Moreover, the installation has been so successful 
that the company is building a similar one, for which K&M 
valves are also being used. 

Leaders in many industries look to K &M valves for proved 
sensitivity and endurance. K & M is geared to handle the small- 
est or largest problem in control valves, however exacting the 
requirements. Our engineers invite your inquiries. 
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KIELEY & MUELLER, INC. 


Valve Makers Since 1879 


2033 - 43r@ STREET NORTH BERGEN, N. J 



















For Peak 
Precision 





"300,000 LB. CAPACITY RIEHLE COMPRESSION TEST- 

ING MACHINE, MADE BY RIEHLE TESTING MACHINE 

DIVISION OF AMERICAN MACHINE AND METALS, INC."* PEAK PRECISION—Y% of 1% of the in- 
dicated reading above 20% of thie max- 
imum dial range and one part in 500 
(0.2%) below 20% of the maximum dial 
range. A Certified Test Report is furnished 
without charge for applying corrections 
when instrument is used at accuracies high- 
er than 2 of 1% of indicated reading. 









PRECISION DRAWN TUBE— Drawn from 
phosphor bronze, beryllium copper, or 
403 stainless steel—depending on 
pressure range. All tubes are specially 
treated to produce minimum hyster- 
esis and drift, 


PRECISION MOVEMENT — Aircraft 

quality for highest sensitivity. Nickel- 
dipped bronze with extra long 
bearings and heavy bronze bush- 
ing fitted with nickel silver pinions 
and arbors. 


PRECISION CALIBRATION — Grad- 

vations are individually hand- 
spotted and engraved on a white 
background. Dial may be rotated 
10° for zero adjustment to com- 
pensate for preloading. 


DIAL SIZES—12" and 16". 


PRESSURE RANGES —AIl pressure ranges 
from 30" Vacuum and 15 to 20,000 p.s.i. 
Ranges over 30,000 p.s.i. on special 
erder. Suppressed scales available on 
request, 





TEST GAUGE 


CASE AND RING—Cast aluminum case, 
black finish. Cast brass ring with polished 
chromium finish. Flush panel mounting or 
surface mounting with back or lower 
connection, 

For additional information, write for USG 
Catalog 64, 

United States Gauge, Division of American 
Machine and Metals, Inc., Sellersville, Pa, 








OTHER DIVISIONS OF AMERICAN MACHINE AND METALS, INC, AT SELLERSVILLE, PA.: GOTHAM INSTRUMENTS, AND AUTOBAR SYSTEMS, 
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BS 


(2 in broadest selection of 
types, ranges, stem leng 


300 
250 350 
200 


WESTON 400 





"AErom cuce. mst cee Ranges Stem Length | % Accuracy 
Type As low | As high|As short | As long | of Thermo. 
as as as as Range 








Heavy Duty me "a 
Straight Form —100F | +1000F} 2% 48 





pose ad —100F | +1000F} 2%” | 72” 
ngle Form 





pes st —100F | +1000F| 2%” | 72” 
ngle Form 





General —100F | +1000F| 2%” 36" 


Purpose 


Laboratory —100F | +500F =. 24” 
































WESTON | 
all-metal THERMOMETERS ‘i 


WESTON Thermometers give you all the advantages of all-metal 
construction to an unmatched degree. The durability of stainless steel 
stems... the readability of large, boldly marked scales ... the sustained 
accuracy due to precision manufacture proved throu;h the years. Order 
through your regular jobber, or your local WESTON Representative. 
Catalog T-13 on request ... WESTON Electrical Instrument Corpo- 
ration, 617 Frelinghuysen Avenue, Newark 5, New Jersey . .. manu- 
| tacturers of Weston and TAGliabue Instruments. 


| 
WESTON Zycvilitie TriltimeHll seco ue. 
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VALVE ACTION 
with 


Delayed action, fixed 
ratio. Permits full valve travel with 


standard ——— m pressure ranges 

on series —- diaphragm control 

Vi ss in combination with Type 217 
INSTRUMENT CONNECTION oe 2 


ADJUSTING SCREW 


IZ DIAPHRAGM WASHER 
UPPER & LOWER DIAPHRAGMS 


COMPENSATING es 
DIAPHRAGM BOLT (6) 
Fixed Ratio to meet 
mands of control pressures beyond x 
SPACER ranve of usual instrument pressures ; 
permit low-limit controls to ecure 
hivher loading pressure 


UPPER DIAPHRAGM PLATE 





UPPER & LOWER DIAPHRAGMS 





LOWER DIAPHRAGM PLATE 





DIAPHRAGM WASHER 


BLEED VALVE SEAT 








INNER VALVE ASSEMBLY 


REGULATOR BODY 











a SUPPLY 


For almost any pressure, input or output variation in the supply 
medium to the control valve, there’s a Climax Relay to do the job effi- 


ciently and accurately. You can deliver pressure output to step 

up action, boost the capacity of low-limit controls to handle 

larger loads, speed the valve loading or reduce it, eliminate pressure 

lag on long supply medium lines, control high steam pressures 
with balanced diaphragm regulators. for maximum imesh 


mum it apt 
Ss ation, reverse valve action 
i ios 1 to pil action, when occa@e 


New BS&B Climax Relays are being constantly developed to meet fo lato niet 
the demands of the latest methods and equipment. Their accuracy and 

sensitivity will contribute much to the efficiency of your processing 

system. They will, in many cases, provide a great economy by 

permitting your valves and controls to expand their designed functions. 


chia, Write for Catalog Section 109—" ‘Relay Regulators.” Illustrated, 
complete with descriptions, plicati: and installation data. 


vr 
aN 


/BSeB Brack, Sivauics s Bryson. inc. “h 


Climax Controls Division Dept. 4-V$ 1 to 1 Ratio—will eliminate 


a exhaust and ut pressure lag 
Fontan? 7500 East 12th St. Kansas City 3, Missouri whe hi ive scale sapaliens lines on 


used 


many wr 















You know why accurate temperature meas- 
urement is vital in your business. You also 
know it takes skillful engineering, the highest 
quality materials and workmanship to create 
consistently accurate, long-life instruments. 
That’s exactly what you get in every Ameri- 
can Thermometer and Temperature Indicator 
and Recorder you buy. 


Depending upon type and requirements, these 
precision instruments are built in ranges 
from minus 100°F. to plus 3000°F., with 
actuation by mercury, vapor pressure, gas, 
bi-metal or thermocouple. For accurate re- 
mote indication or recording, up to 250 feet 


AMERICAN ELECTRONIC 





AMERICAN 


A product of 





MANNING 
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TEMPERATURE INDICATORS 





“| MUST KNOW EXACT TEMPERATURES 
TO MAINTAIN PRODUCT QUALITY.” 


a aa aes oe OO we eS -e).e Oe we eo ee Oe. 06.6: 8 6.0. 62.8 89°58 6€o. 8 60 82D 8 


“IN MY BUSINESS, PRECISE TEMPERATURE 
RECORDING MEANS PRECISE COST CONTROL.” 


ae oe 8.26. 8S & 8 OP 2-8 2 Oe 890.9 © CB BRO GPa eanvanv,o@e~e~ee#s1e8s 6 


from the temperature source, we can sup- 
ply famous “Magic Pulse” self-compensating 
capillary tubing with mercury-actuated 
temperature instruments. American Temper- 
ature Transmission systems are ideal wher- 
ever process temperatures must be indicated 
or recorded at one or more points located at 
considerable distance from the temperature 
source. 

The complete line of American Thermometers 
and Temperature Measuring Instruments 
simplifies selection for specific applications. 
Write for a copy of our new catalog. 


Stocked and Sold by Leading Distributors 





AMERICAN 
RECORDING THERMOMETERS 


MANNING, MAXWELL & MOORE, INC. STRATFORD, 
MAKERS OF ‘AMERICAN’ INDUSTRIAL INSTRUMENTS, ‘HANCOCK’ VALVES, ‘ASHCROFT’ GAUGES, ‘CONSOLIDATED’ 


SAFETY AND RELIEF VALVES. BUILDERS OF “SHAW-BOX” CRANES, ‘BUDGIT’ AND 
‘LOAD LIFTER’ HOISTS AND OTHER LIFTING SPECIALTIES. 


“THE SAFETY OF MY EQUIPMENT DEPENDS 
ON ACCURATE TEMPERATURE MEASUREMENT,” 








AMERICAN 
INDUSTRIAL 
GLASS 
THERMOMETERS 





AMERICAN 
DIAL THERMOMETERS 


. INSTRUMENTS 


CONNECTICUT 








pew 








“HOR ae DEPENDABILITY BEYOND SPECIFICATION. 




















Nea SRIR 


SS , 


JAN-C-76 SRRF 


FLEXIBLE CORD —_ CABLE 


INSTRUMENT WIRES 





JAN-C-76 SRHV..—ST'V'_: LEAD--IN. WIRES» 
COMMUNICATION 
WIRES & CABLES 
JAN-C-76 WL SHIELDED SPECIAL WIRES & CABLES 


—_—_ WIRES & CABLES TO SPECIFICATION 


APPROVED 105°C 
CHESTER 
WIRES ni CABLES 


“all Chester wire and a 


- ‘oats features the extra de- 






UL 
APPROVED 90°C 






UL 
APPROVED 80°C 










JAN-C-76 APPROVED WIRES yes 
80°-90°-105°C 
HOOK-UP WIRE 


SHIELDED WIRE AND CABLE 


“ pendability, long service life and easier i, says~ 
FLEXIBLE CORDS RS’ Forking qualities of plastic insulation. Their FE Write today for your 
COAXIAL CABLE : tough, impervious plastic coats provide maxi- free copy of the Chester 
mum immunity to abrasion, weather, oiland most Wire and Cable ‘cata- 
TELEVISION LEAD IN CABLE chemicals. They are smooth, pull through con- i leg. A complete guide 
GAS TUBE HIGH TENSION CABLE duit with minimum effort and present a fine ¥& to plastic covered wire 
: - Sf and cable for every 
OIL BURNER IGNITION CABLE SRUREPENCS, SD, SURNENE RORAIETEN, BP etectronic and electricat 
BLASTING WIRE There’s a Chester single or multi-conductor wire application. Please 
or cable for practically every indoor or outdoor R address inquiries on 
THERMOSTAT CABLE requirement including many special construc- %: company letterhead. 
BELL AND OFFICE WIRE tions for the electrical, electronic, TV, radio, * 
TWBUILDING AND FIXTURE WIRE telephone and other industries. Why not write 4 Go 


er for full information? 


ao % Ce: oe. 4: ‘eet f cs RS 2. oer | 
Care sd * ou Watt . nh gs Cuey ee at RE 
ro bast ety best, r; ae wf. oy o>: “> me NS 
7 . 





CHESTER, NEW YORK 


MANUFACTURERS OF QUALITY WIRE AND CABLE FOR EVERY ELECTRICAL AND €LECTRONIC REQUIREMENT 
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ELAPSED TIME — SIXTY-EIGHT YEARS 


93 Logan Street, Springfield 2, Massachusetts 


TIMERS AND CHRONO-TACHOMETERS 
LABORATORY PANELS 
PROGRAM CLOCK SYSTEMS PIPELINE ANALYZERS 
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How CROSBY’s 


: RELIEF 
BALANCED 
AREA 


' Here’s the vatve Which 

DESIGN 7 nae 
siminates back 4 eliminates back pressure effects 
& 
| 








...and reduces costs! 



















| CROSBY RELIEF VALVE 

. Style JO-BP 

with BALANCED AREA DESIGN 
for the elimination 

of Back Pressure Effects. 








Fig. | Fig. 2 
When a standard relief valve on gas or vapo- 
service is installed, where back pressure exis» 
one of two undesirable effects will occur: 


Constant Back Pressure — The back pressure On the many installations where Crosby JO-BP 





“ang na oe : ie angle lg png . Valves have been in operation, refineries report 
cancelling out the back pressure force. There sizable savings in piping costs. The reason—smaller 
remains, however, a force acting on the top Proved discharge lines made possible by higher back pres- 
partition of dise (area A) which increases the sure. Since Crosby JO-BP Relief Valves will handle 
spring load and causes the valve to pop ECONO MY l back pressure surges ranging up to 90% of inlet 


pressure, smaller diameter discharge pipe carries 
the same amount over the same distance that 
formerly required much larger pipe. 


“heavy.” 


Variable Back Pressure can not be compen- 
sated for by spring adjustments. Therefore, 
when one or more valves discharge into a 
common flare header, variable back pressure 
is placed on the remaining closed valves, This 
can create a hazardous condition on the re- 
maining closed valves, by adding to the spring 
force. The valve then is prevented from opening 


until it has risen far above the vessel design. Dy OV ed 


is a simple, foolproof method of nullifying PROTECTION | 


these undesirable effects (see Figure 1 above). 





On-the-job performance of Crosby JO-BP Relief 
Valves proves that you can depend on the vented 
Balanced Design Area to operate at the set pres- 
sure. Thus you are assured of a Stable Popping 
Point. What's more, a full lift is obtained over the 
normal range of back pressures. The Crosby JO- 
BP operates with an unrestricted nozzle, follows 
standard nozzle flow equations for above or 
below critical ratio as the case may be. With its 
vented Balanced Area Design, the Crosby JO-BP 
provides a foolproof, time-tested method of elimi- 
nating back pressure effects. 





Operation — Crosby achieves Stable Popping 
Pressure by the addition of a piston affixed to 
the spindle, of area proportioned to equal the 
unbalanced area of the disc (area “A” in 
Fig. 1). Back pressure introduced through the 
port in the guide then acts on two equal areas 
in opposite directions, and cancels itself out, 
neither loading nor opposing the spring. 


STEAM GAGE & VALVE COMPANY 


43 Kendrick Street, Wrentham, Mass. 


District Sales Offices: 
BOSTON- NEW YORK: CHICAGO: DALLAS-LOS ANGELES 


To assure full lift and stability, a vent system 
(see sectional view of piston, Fig. 2) is em- 
ployed. When the valve is open, the flats on 
the piston will vent any accumulated back 
Pressure that would tend to close the valve. 
The adjustment and satisfactory operating 
characteristics are similar to the conventional 
valve. The actual flow into the bonnet is rela- 
tively low and can be vented to atmosphere, 
or through a properly sized discharge header. 





Extensive, trouble-free use in the field has 
Proved the success of this Crosby Balances 
Area Design. 
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only 3 moving parts 
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Series 400 
Pressure Reducers 
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Accurate low-cost regulators... 


For longer service with negligible main- 
tenance, operating parts are reduced to just 
three, inner valve, stem and diaphragm, in 
the Klipfel 400 Series air-loaded Pressure 
Reducing Valves. In addition, these 400 
Series Valves provide exceptionally close 
regulation for an unusually low initial cost. 

The stainless steel ball inner valve is a 
perfect sphere, extremely hard and well 






























No, 432 with 
constant air sup- 
ply—for quick, 
easy adjustment, 

















tions. 


No. 431 with air 
dome -—for iso- 
lated installa- 





4, 
4, 
CZ 





saconctemeneonesss 














ature. 


guided to close to a tight seat. Easily re- 
seated if necessary...is self-cleansing and 
non-sticking. Diaphragm is always in balance 
...Mo stress, no bursting. Regulation is accu- 
rate and easily controlled. For increased 
safety, flow automatically shuts off in case 
of diaphragm failure. 

For full data on the Klipfel 400 Series 
Valves, for steam, air, water or gas, write 
Dept. DA-1 for Bulletin No. 148. 


VALVES INCORPORATED 


DIVISION OF HAMILTON-THOMAS CORP., HAMILTON, OHIO 





No. 430 with 
separate air tank 
—for variable 
ambient temper- 
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| 
CLARE|Type ‘R”’ RELAY 


SPECIFICATIONS 
SIZE 
Length: |%6''—Height: 1%64"'— 
Width: 1" 
WEIGHT 


Approximately 2 ounces 


COIL 


Single or double-wound 


OPERATING VOLTAGE 
Up to 230 volts d-c 


ARMATURE 


Single or double arm 


CONTACT ASSEMBLY 
Form A to C. Maximum of 10 
springs in each pileup. 


MOUNTING 
Two #4-40 tapped holes in end of 
heelpiece 





small size with unusual sensitivity and long life 





DIMENSIONAL 
DRAWING OF 
CLARE Type “R"” RELAY 


—4-40 TAP. 
/ 2 HOLES 





@ This new CLARE Type “R” d-c Relay embodies many features of the famous 
CLARE Type “K” Relay, which was the first to combine the advantages of a tele- 
phone-type relay with the small size, light weight and resistance to vibration 
required to meet the rigid demands of aircraft service. 


In appearance, the Type “R” resembles the Type “K”, but, through hardly notice- 
able structural differences, CLARE has given the new Type “R” even greater 
sensitivity and operating range. Both relays use the same contact springs, but the 
Type “R” coil is longer and of larger diameter, to provide greater winding space. 
Life expectancy of the new relay has been not only increased but multiplied. 


The CLARE Type “R” Relay retains in an improved form the reed armature sus- 
pension which discerning tngineers have come to recognize as one of the subtler 
reasons for the superior performance of CLARE Type “K” Relays over other relays 
of comparable size and somewhat similar appearance. 


The Type “R” is available as either an open or hermetically sealed relay. Clare sales 
engineers are located in principal cities to give you firsthand information on this 
new relay and to cooperate with you on any complex relay problem. Call them or 
write to C. P. Clare & Co., 4719 West Sunnyside Avenue, Chicago 30, Illinois. In 
Canada: Canadian Line Materials Ltd., Toronto 13. Cable Address: CLARELAY. 


Write for CLARE Bulletin No. 115 


CLARE RELAYS 


First in the Industrial Field 

























Series 400 


Pressure Reducers 
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For longer service with negligible main- 
tenance, operating parts are reduced to just 
three, inner valve, stem and diaphragm, in 
the Klipfel 400 Series air-loaded Pressure 
Reducing Valves. In addition, these 400 
Series Valves provide exceptionally close 
regulation for an unusually low. initial cost. 

The stainless steel ball inner valve is a 
perfect sphere, extremely hard and well 
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only 3 moving parts 
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Accurate low-cost regulators... 
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No, 432 with 
constant air sup- 
ply—for quick, 
easy adjustment, 

















No. 431 with air 
dome-—for iso- 
lated installa- 
tions. 
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No. 430 with 
separate air tank 
—for variable 
ambient temper- 
ature. 


guided to close to a tight seat. Easily re- 


seated if necessary... 


is self-cleansing and 











non-sticking. Diaphragm is always in balance 
...no stress, no bursting. Regulation is accu- 
rate and easily controlled. For increased 
safety, flow automatically shuts off in case 
of diaphragm failure. 

For full data on the Klipfel 400 Series 
Valves, for steam, air, water or gas, write 
Dept. DA-1 for Bulletin No. 148. 


VALVES INCORPORATED 


DIVISION OF HAMILTON-THOMAS CORP., HAMILTON, OHIO 
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l 
CLARE; Type ‘‘R’’ RELAY 


Approximately Actual Siz 


SPECIFICATIONS 


SIZE 
Length: |%s''—Height: 1%%64''— 
Width: 1" 


WEIGHT 


Approximately 2 ounces 


COIL 


Single or double-wound 


OPERATING VOLTAGE 
Up to 230 volts d-c 


ARMATURE 


Single or double arm 


CONTACT ASSEMBLY 


Form A to C. Maximum of 10 
springs in each pileup. 


MOUNTING 


Two #4-40 tapped holes in end of 
heelpiece 





small size with unusual sensitivity and long life 





DIMENSIONAL 
DRAWING OF 
CLARE Type "R” RELAY 


os 






@ This new CLARE Type “R” d-c Relay embodies many features of the famous 
CLARE Type “K” Relay, which was the first to combine the advantages of a tele- 
phone-type relay with the small size, light weight and resistance to vibration 
required to meet the rigid demands of aircraft service. 


In appearance, the Type “R” resembles the Type “K”, but, through hardly notice- 
able structural differences, CLARE has given the new Type “R” even greater 
sensitivity and operating range. Both relays use the same contact springs, but the 
Type “R” coil is longer and of larger diameter, to provide greater winding space. 
Life expectancy of the new relay has been not only increased but multiplied. 


The CLARE Type “R” Relay retains in an improved form the reed armature sus- 
pension which discerning tngineers have come to recognize as one of the subtler 
Relays over other relays 


799 


reasons for the superior performance of CLARE Type “K 
of comparable size and somewhat similar appearance. 


The Type “R” is available as either an open or hermetically sealed relay. Clare sales 
engineers are located in principal cities to give you firsthand information on this 
new relay and to cooperate with you on any complex relay problem. Call them or 
write to C. P. Clare & Co., 4719 West Sunnyside Avenue, Chicago 30, Illinois. In 
Canada: Canadian Line Materials Ltd., Toronto 13. Cable Address: CLARELAY. 


Write for CLARE Bulletin No. 115 


CLARE RELAYS — 


First in the Industrial Field 
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ONE control mechanism gives you FOUR combinations of 


Differential-gap Control. 


primary and feedback motion to obtain Direct Proportional, 
Reverse Proportional, Direct Differential-gap and Reverse- 





With ONE SETTING you select type of control, type of 


Ta ttola Molle Molec) elolarolalel Mm elitoMolmellicctechiliiclene(o] Mittal: 


> LAHIGH | PRODUCT 
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CONTROLLER 


MODELS NOW AVAILABLE 


Recording and indicating types are now 
available for pressure, temperature, liquid 
level or flow service with the following types 
of control: 

Proportional (includes Differential-gap 
ond On-Off) 

Proportional-Reset 
Plus these supplementary types— 

Pneumatic Set — for remote setting of 


MASON-NEILAN 


control point 
Time Cycle — features cam drive inde- 
pendent of chart drive. 
Differential — maintains positive or 
negative differential between two variables 
— to 50%, of chart range. 
Also available are Recorders, Transmit- 
ters, and Manual Control subpanel with 
four-position transfer switch. 


REGULATOR CO. 


1210 ADAMS STREET, BOSTON 24, MASS., U. S. A. 
Sales Offices or Distributors in the Following Cities: New York © Syracuse ¢ Chicago ¢ St. Louis 


Tulsa © Philadelphia ¢ Houston «¢ Pittsburgh 


Atlanta ¢ Cleveland « Cincinnati ¢ Detroit 


San Francisco * Salt Lake City * El Paso * Boise * Albuquerque ¢ Charlotte * Los Angeles * Denver 


Appleton * Corpus Christi * New Orleans 


Mason-Neilan Regulator Co., Ltd., Montreal and Toronto 
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WATER SERVICE—No. 825—36- 
inch 125-pound cast iron valve 
equipped with 18—8 shafts, bronze 
bushings and rubber seat for 85- 
pound drip tight shut-off. 







ss 


e EXCERPTS FROM THE R-S BOOK OF 
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EMERGENCY OIL SERVICE—No. 
628—solenoid trip valve. Should 
the solenoid function, the latch is 
tripped which the count 
weight to open or close the valve 
by gravity. Available in any metal 
or alloy and in various sizes for 
emergency shut-off or vent for air, 
gas, steam, oil, and water. 
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SEMI-SOLID SERVICE including abrasive and corrosive materials. 








ST 
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% 
# 
700° F. EXHAUST GAS SERVICE— 
$4 No. 826—6-inch 125-pound R-S 
E “H" metal valve used on small 
weed 24 turbine generator. Equipped with 
d , ¥ 18—8 shofts, hastelloy bushings, 
; finned lubricated stuffing box and 
bei #4 solenoid trip mechanism. 
s i op 
3 ee 
ee E 
es 


SS 
_ 
SOS 
SS 
SS 


Se 
SS 
S 


OS 





Oo #4 STEAM SERVICE—No. 677—1500- 
Le ¥ pound welding end steel valve for 
superheated steam—A. S. M. E. 
Standards. 


an 
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R-S VALVES 
Control and Shut Off 
Practically Any Material 


The beveled vane seats firmly at a 121° angle and is closed 
from a fully open position through 77 12° of arc by either man- 
ual or automatic operation. A metal-to-metal seat gives satis- 
factory commercial shut-off. When required, Monel or stainless 
steel can be welded to the vane periphery and a babbitted seat 
used in the valve body. Drip tight or bubble tight closure can 
be obtained with a rubber seat. 

Power controlled prime movers delivering the necessary foot 
pounds of torque open or close these self-cleaning valves at any 
desired speed from one second to eight minutes according to 
requirements. Pressures range from 2 to 2500 psig and temper- 
atures from minus 300° F. to plus 2000° F. 

Such simplicity of design, adaptability and operating ease are 
the reasons why R-S Valves can be installed to control and shut 
off the volume and pressure of any material that flows or is 
forced through a pipe. 


Obtain full details from your R-S representative. 


R-S PRODUCTS CORPORATION 
4600 Germantown Avenue, Philadelphia 44, Pa. 


An S. Morgan Smith Company Subsidiary 


DISTRICT OFFICES IN PRINCIPAL CITIES 
































introducing 
THE \& | PRECISION 


CALIBRATING STANDARD 





The new W&T Precision Calibrating 
Standard offers an accurate and convenient 
means for measuring either absolute or differ- 
ential pressure. Consisting of a mercury 
column designed for convenient bench mount- 
ing it provides a custom calibrated range of 
800 mm. Hg. in any desired units. For pre- 
cision calibrations, readings to 0.01 mm. 
mercury with an accuracy of 1 part in 5000 
are,made possible by a unique magnetic ver- 
nier. Dependable and consistent results allow 
for its use in the calibration of such pressure 
sensitive instruments as aircraft altimeters, 


















































Outstanding features of the W&T Precision Cali- 
brating Standard include: 


surveying altimeters, meteorological barom- Range of Absolute or ... 0 to 800 mm. Hg. by 1 mm. 

eters, laboratory barometers and for absolute Differential Pressure: (or any other units 

pressure elements having a controlling or Magnetic Vernier 

telemetering function Graduation: ........................One-tenth seale graduation 
PRCUTOOY 2) voc. .5c.cse.c0ckccetseclesence b PRTC I-GUUO 


Built-in Thermometer 


Temperature and gravity 
compensated scale 





Full-range indication 


WA L L a . E & T ‘ E R N & N Filtered pressure inlet 
PRODU CT 5, INC. Meniscus reading eliminated 


ELECTRICAL MECHANISMS AND PRECISION INSTRUMENTS 


Belleville 9, New Jersey e Represented in Principal Cities 





A-88 
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Brown thermocouple wells are precision- 
machined to highly uniform wall thick- 
ness . . . your guarantee of dependability 
at high temperatures and pressures; sup- 
plied in all common metals and alloys, in 
wide range of sizes and wall thicknesses. 


C. J. SMOLINSKE, Honeywell Supplies Man in 
the Indianapolis area, explains to Mr. Leon 
Stewart of the Rock Island Refinery the con- 
struction features of Brown precision-made 


thermocouple wells . . . and the convenience 
features of the HSM plan for buying pyrometer 
supplies. 


You'll be pleasantly surprised when you, too, 
learn how this plan can add new convenience 
and economy to your supplies purchasing! 


HONEYWELL SUPPLIES MAN 


There’s a Honeywell Supplies Man near you 

. at your local Honeywell office . . . as close 
to you as your phone. Call him in today, and 
find how planned buying... the HSM way... 
can work in your plant. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., 
Industrial Division, 4482 Wayne Ave., Phila- 
delphia 44, Pa. Stocking points in Philadelphia, 
Cleveland, Chicago, Atlanta, Houston, Los 
Angeles, and San Francisco. 


Honeywell 


es ee 


e Important K ference Data 


WRITE FOR CATALOG 200-2 ON THERMOCOUPLE WELLS. . 
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. AND FOR NEW PYROMETER SUPPLIES BUYERS’ GUIDE NO. 100-4. 
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one man 

and one instrument 
give you better answers 
faster 


GAS OR LIGHT LIQUIDS 














































































































consolidated engineering 


corporation 


Analytical Instruments for Science and Industry 
300 No. Sierra Madre Villa 
Pasadena 8, California 












ANALYSIS 


A complete, accurate analysis of a complex 
chemical mixture can now be made by one 
operator in minutes instead of hours or even days 
with the Model 21-103 Consolidated 

Mass Spectrometer. 

The mixture being analyzed may be composed of 
organic or inorganic compounds. Virtually any 
gas or liquid sample may be handled so long as the 
individual components in the mixture exert a 
minimum vapor pressure of 250 microns at 

room temperature. Trace impurities constituting 
as little as 0.001 mole per cent of the mixture 

can be determined. 

Speed and accuracy of analysis, together with 
versatility, make this the ideal instrument for the 
chemical industry. For further information on 

the Model 21-103, write for Bulletin CEC-1800B. 


analytical 
mass spectrometer 


analytical service —analysis by 

mass Spectrometry is offered to 

those whose quantity of samples does not justify 
the purchase of an instrument. For costs, 
handling of samples and other details, write 

for Consolidated’s Analytical Service Bulletin. 
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1/4” PANEL THICKNESS 


2” DIAL 
GRADUATED ——_. 


0-100 


SINGLE 
HOLE 
MOUNTING 


1/16” HIGH PROJECTION 
FOR KEYING TO PANEL 


TyPE 10 


RATED: 


INPUT: 120 Volts, 60 Cycles 
1 Phase 


OUTPUT: 0- 120/132 Volts, 
1.25 Amperes 
150/165 VA 


APPLICATIONS 


of POWERSTAT Type 10 are as innumer- 
able as is the need for a variable a-c 
voltage control in today’s low wattage 
electric and electronic equipment. It is 
ideal as the variable a-c voltage compo- 
nent in electronic tube testers; low watt- 
age power supplies and rectifiers; low 
wattage heaters, furnaces, plastic molding 
equipment . . . and in any a-c voltage 
application where 50, 100 and 150 watt 
rheostats are now being employed. 


Page 270—Instruments—Vol. 25 


VARIABLE TRANSFORMER 











eT ths /16" DEPTH 


POWERSTA 








A COMPACT VARIABLE A-C VOLTAGE CONTROL FOR 
LOW WATTAGE APPLICATIONS 

To date, the many low wattage (50 . 100 . 150 watts) 
applications requiring variable a-c voltage control have had to 
be content with the inefficient, heat dissipating rheostats and 
other resistance types of control. With the introduction of the new 
POWERSTAT Type 10, the many advantages of POWERSTAT 
variable transformers are available for these low wattage re- 
quirements. A continuously adjustable output voltage from 0 to 
120 or 132 volts is at the fingertips to control loads up to 165 
VA. Type 10 does not have to be tailored to the load — it will 
deliver a variable voltage to any load up to its capacity. Type 10 
is highly efficient — does not control by dissipating power in the 
wasteful form of heat. Other features: glass smooth commutator 
surface . . . advanced winding technique . . . superior core and 
coil design . . . rugged construction . . . single hole mounting 

. . can be installed under a 3” chassis saving valuable space. 


For additional information on the new, compact POWER- 
STAT Type 10, send for Bulletin P252. 


Write to: 703 Thure Avenue, Bristol Connecticut 


THE SUPERIOR ELECTRIC co. 


BRISTOL, CONNECTICUT 














(ily 


PROTECTED AGAINST OVERPRESSURES! 


© MP ped ad 


ph dean sapien i 


Uncontrolled pressures in processing equipment invite disaster. That’s why so 
many unfired pressure vessels—gas, vapor and liquid storage tanks, pipelines, 
pumps~—are protected by Consolidated Safety Relief Valves. 


Dependable tightness is foremost in valve safety standards. Consolidated Safety 
Relief Valves don’t leak under discharge piping stresses because outside bevel 
seat and floating guide construction permit the disc to be moved on a radial 
seating surface. Tightness is absolute in all positions within the deflection 
range. Continuously reliable performance at the rated capacity safeguard life, 
property and production, even in the severest service. 


Consolidated Safety Relief Valves are widely used for another basic reason: 
simple design. With 25% fewer parts than ordinary safety relief valves, service 
and standardization problems are reduced, maintenance costs are cut. Get all 
the facts first hand. See your local Consolidated Distributor. 


CONSOLIDATED =c::2= VALVES 


MAXWELL A product of MANNING, MAXWELL & MOORE, INC. TULSA, OKLAHOMA 


MAKERS OF ‘CONSOLIDATED’ SAFETY AND RELIEF VALVES, ‘AMERICAN’ INDUSTRIAL INSTRUMENTS, 
‘HANCOCK’ VALVES, ‘ASHCROFT’ GAUGES. BUILDERS OF ‘‘SHAW-BOX” CRANES, ‘BUDGIT’ 
—— AND ‘LOAD LIFTER’ HOISTS AND OTHER LIFTING SPECIALTIES. 
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Provides a QUANTITATIVE guide to efficiency — deals wij, 
quantities of air and steam; by contrast CO» and O, meters 
are QUALITATIVE guides since they determine directly 
quality of combustion gases. 

PRINCIPLE — Based on paramagnetic (attracted by mag- PRINCIPLE — Record of steam flow is assumed to be Bhy's 
netism) properties of Oxygen. produced; record of air flow is calibrated to flow of air re. 
FEATURES — Highly sensitive to change in 02 content — re- quired to generate that steam. 

sponds rapidly. Electrically operated. Electronic type re- FEATURES — Electric operation of flow meter and air floy 
corder. Temperature controlled. Pressure compensated. No recorder. Diaphragm-type air flow measuring unit. Air flow 
liquid or gaseous fuel required. No chemicals. Highly ac- measuring element does no work. Air flow recorder—moto, 
curate. Not affected by wide change of gas flow rate. Con- operated. Adjustable cam air flow calibration. Mercury trans. 
tinuous sampling and recording. mitter — pressures to 2500 pg 
Glass and corrosive resistant Interchangeable range tubes 
sampling system. Remote for steam flow. Remote 
mounted analyzer and mounted steam flow trans. 
recorder. Four records mitter. No high pressure 
on same chart possible. piping into panel. Easily 
Low maintenance. installed and adjusted, 


os M notherm Low maintenance. 
*'. Meter Hays-Penn Boiler 


Efficiency Meter 


\ ee combustion guide is best? 


IT DEPENDS... on the fuel you're burning, the accuracy you require, the price you want 


Measures fundamental indicator of combustion efficiency— 
Oxygen. Applicable to power plants and process problems 
like catalytic crackers, open hearths, process heaters, inert 
gases, etc. 


7 5D oD om OND OND 









om om oN oD OND 


to pay, etc. Your particular needs will determine your choice . . . but remember—only Hays 


can supply you without bias .. . because only Hays has a complete line of Combustion Guides. 


Hays Condu-Therm 
CO, Meter 


A new instrument using 


three established ideas: (I) 


Hays Combustion 
Meter 


Hundreds of these meters 
have been in operation for 
many years in all types of plants 9 COz as guide to combustion ef- 
burning all kinds of fuels and saving thousands of fuel dollars. * ficiency (2) thermal conductivity principle (3) electronic type 
PRINCIPLE — Operates on Orsat principle of volumetric 9 operation. 

measurement and chemical absorption. Difference in sample ~ PRINCIPLE — Based on thermal conductivity of gases, ie., 
before and after absorption gives exact percentage of CO, that all gases conduct heat at different rates. 


absorbed by chemical. ? FEATURES — 5-second response to change in CO content. 
FEATURES — Low price. Water operation. Pressure and + 25% accuracy for ranges 0 to 20%. Electrically operated. 
temperature compensated. Volumetric determination. Chemi- 9 Electronic type recorder. Temperature controlled. Humidity 
cal absorption. 2-minute operating cycle. Easily understood. ° — controlled. No chemicals required. No moving parts in ano- 


Rugged construction. Low maintenance. Available in 6 re- y) lyzer. Continuous sampling. No drying agent required. 
mote mounted types and 3 integral types: (a) CO. only— = £ Unmatched construction features. Not affected by wide 
recording with or without indicator (b) CO. and flue gas change in gas flow rate. High sensitivity. Rapid response 
temp. recorder combined (c) COs, draft or flue gas temp. ? Continuous recording. Remote mounted analyzer and fe- 
recorder combined. Remote or integral mounting. * —_ corder. Low maintenance. 


THE HAYS CORPORATION 7 eeenenetae Seeks hans ae 
MICHIGAN CITY 8, INDIANA Combustion Test Sets * CO: Recorders * Electronic Oxygen Recorden 
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deals with 
D2 meters 
; directly 


© be Bris 


of air Te 


J air flow 
Air flow 
T—motor 
UTy trans. 
2500 psi 
1g tubes 

Remote 
low trans. 
| Pressure 
el. Easily 
adjusted. 
ce, 


Boiler  ——-€ a STANDARD TYPE “CV” UNITS: 
Mee Eee 15 VA to 10,000 VA 
Meter : 


Most voltage regulating requirements can be 
met from these “stock” voltage regulating trans- 
formers. Regulation is +1% or less with a 
total primary voltage variation as great as 
30%. This is the static-magnetic voltage regu- 
" STANDARD 
lator that has become the “Standard of the ¢pecializeD T¥R :S 


W ‘ha S 
orld Available fro 


lar productionsst 


CUSTOM DESIGNED UNITS: 1 VA to 25,000 VA Ey | ..- less than 3% har- 
The wide flexibility of the SOLA Constant Voltage principle 1 ae. Bsc ees 
makes possible special designs to meet your specific require- ee gw stscs® 

ments. Often, time and money can be saved by direct use or 
modification of a regulator from the several hundred special 
designs on file. Custom designs can include: SPECIAL VOLTAGE 
RATIOS, SPECIAL FREQUENCIES, COMPENSATION FOR 
FREQUENCY VARIATION, MULTIPLE OUTPUT VOLTAGES, - ++ +£3% regulation 
THREE-PHASE SERVICE, and MILITARY SPECIFICATIONS. »  orless...single, com- 


pact voltage source. 





herm 
Tr ae  — , ..- less than 3% har- 
2 FoeXoy ob Comme bK=1 Co) aCe) s MEE 
+1% ; 
using +1% regulation. 
as: (I) 
ion ef. 
ic type 
5, i.e, +3% regulation 
a « mas Fc . » inexpensive ... 
ontent. 3 ag fD plug-in type. 
rated. ( 
midity 
1 ana- 
vired. 
| wide Write on your letterhead for our new Con- 
Conslant ollage stant Voltage Catalog. It gives complete 
ya specifications, and operating data on SOLA 
1d fe- nm Constant Voltage Transformers, including 
TRANSFOR a] E RS special units. Request Bulletin CV-142. 
meters 
Gages 
orders 
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CUT CORES 
se lty.y i: 











RANGE OF MATERIALS 

Depending upon the specific 
properties required by the applica- 
tion, Arnold Tape-Wound Cores 
are available made of DELTAMAX 
. - -4-79 MO-PERMALLOY... 
SUPERMALLOY . . . MUMETAL 
.-- 4750 ELECTRICAL METAL... 
or SELECTRON (grain-oriented 
silicon steel). 


RANGE OF SIZES 


Practically any size Tape-Wound 
Core can be supplied, from a frac- 
tion of a gram to several hundred 
pounds in weight. Toroidal cores 
are available in fifteen standard 
sizes with protective nylon cases. 
Special sizes of toroidal cores—and 
ail cut cores, square or rectangular 
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anything You May Need in 
PE-WOUND CORES 





cores—are manufactured to meet 
your individual requirements. 


RANGE OF TYPES 


In each of the magnetic materials 
named, Arnold Tape-Wound Cores 
are produced in the following 
standard tape thicknesses: .012”, 
.008”, .004”, .002”, .001”, .0005”, 
or .00025”, as required. 
















App licdiions 


MAGNETIC AMPLIFIERS 

PULSE TRANSFORMERS 
CURRENT TRANSFORMERS 
WIDE-BAND TRANSFORMERS 
NON-LINEAR RETARD COILS 
PEAKING STRIPS... REACTORS. 























Roller-Smith 
Rugqgedized Inotwuments 


Shock-Proof e« Vibration-Proof « Weather-Proof 


Roller-Smith announces production of hermetically sealed 
Ruggedized 212” and 312” instruments conforming to MIL-M-10304. 


In addition to Ruggedized instruments, a complete line of 
hermetically sealed and unsealed types in conformance with Gov- 
ernment specifications are available. 


ROLLER-SMITH CORPORATION 


BETHLEHEM, PENNSYLVANIA 
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instantaneous 
alt-eilionie cori 


of pressure 





temperature 


The new Swartwout 
Autronic Control System 





brings new speed, new accuracy 





to your process controls. 
ita stoltiaentcesrtelteUmrelelermeartenms erie 
this new all-electronic control system 
@ | n re | lev ry | an spans distance between primary element 
and control element without interval. 
Measuring ... analyzing ... correcting 
ieee MEASURES UN moRPORAES MANUAL sities _ ich saben keeps ee Eneen 
el ae 70 RESET & RATE). CONTROL UNIT PRESSURE on stream ... assures quality product 
by controlling pressure, temperature, 
flow and level properly, instantaneously 
Aha without cycling, drifting, shifting. 
TRANSDUCER Call in our engineering representative 

















to explain how Swartwout Autronic 
=— CONTROL Controls will bring new accuracy 
: to your process and power 
Tetieatrsn(sele-teleremetelemaeyelaue) B 


Or write today for literature 





on the new Swartwout 
CONSTANT ; . . 
VOLTAGE Autronic Control System. 
TRANSFORMER 


x 














115V 60 AC POWER POWER LINE 











Swartwout 


THE SWARTWOUT COMPANY - 18511 EUCLID AVENUE CLEVELAND 12, OHIO 
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LABORATORIES 











New G-E Twelve-page Bulletin Describes 
Complete Magnetic Measuring Equipment 





General Electric’s new bulletin, ‘“Equip- 
ment for Measuring Magnetic Proper- 
ties,” is just off the press. The bulletin 
describes the Gauss Meter and Fluxmeter 
(also featured in application stories on 
this page) in addition to the Recording 
Fluxmeter and Fluxmeter Calibration 
Unit. Check the coupon for your copy. 

RECORDING FLUXMETER 

The G-E photoelectric recording flux- 
meter consists of a Type CE photoelectric 
recorder that uses a fluxmeter galvanom- 
eter for recording magnetic flux changes 
in a search coil by automatically following 
and recording the deflections of the flux- 
meter. This fluxmeter will indicate flux 
linkages from 3300 to 106,000 per chart 
division. 

FLUXMETER CALIBRATING UNIT 

The G-E fluxmeter calibrating unit can 
be used with both the indicating flux- 
meter and the recording fluxmeter to 
facilitate calibration. 





Dings Magnetic Separator Co., Mil- 
waukee, Wis., manufacturer of magnetic 
separators, recommends the G-E gauss 
meter for determining the strength of 
the horseshoe magnets used in their 
separators. Reports Mr. Karl A. Blind, 
Chief Engineer at Dings, ‘“We are recom- 
mending the G-E gauss meter to oper- 
ating personnel in plants where magnetic 
separators are an essential part of pro- 
duction machinery. We believe operators 
should acquire and use the gauss meter 
for purposes of effectively and rapidly 
checking the full operating efficiency of 
the magnet.”’ 


MAINTAINS CLOSE LIMITS 


Magnetic separators consist of either 
one or a series of permanent or electro- 
magnets. Materials which contain mag- 
netic foreign particles are passed in a 
steady flow near the magnets—which 
remove these foreign particles. This proc- 
€8 sometimes requires much repetition, 
with the strength of the magnets varied 
tach time. In order to do this, the exact 





GENERAL @@ ELECTRIC: 


Lneiepnrarvicindeitigie ensimsinionsineiings 








strength of each magnet has to be con- 4 
trolled to within narrow limits. The ! 
General Electric gauss meter enables ! 
operators to maintain these limits. : 

Designed for unidirectional fluxes, the 4 
gauss meter can be used for checking flux | 
densities and flux gradients in air gaps, 4 
and for measuring flux density in iron § 
structures. 


ieee om Maa as 
SECTION B605-10, GENERAL ELECTRIC 1 
SCHENECTADY 5, N. Y. \ 
Please send me the following bulletin: i 
Indicate: 1 
/ for reference only i 
X for planning on i diate project : 
0) GEC-777, G-E Equipment for Measure- ! 
ment of Magnetic Properties. i 
eS aOR Mast A A : 
COMPANY... ; 
STREET. : 
ONS ZONE......STATE............ i 





Magnets Balanced Quickly 
With Indicating Fluxmeter 


Wilfred O. White and Sons, Inc., Boston, 


Massachusetts, manufacturers of the 
famous Constellation spherical compass 
and other navigational instruments and 
associated equipment, are now using a 
General Electric indicating fluxmeter for 
checking the flux-density balance of 
permanent magnets used in their com- 
plete range of compasses. 


IMMEDIATE INDICATION GIVEN 


The raw magnets are inserted in holes 
in a testing panel connected to the flux- 
meter, and especially designed for this 
application. The fluxmeter gives an im- 
mediate and accurate indication of their 
comparative strength. If one magnet is 
too strong, it is inserted into the ‘“‘de- 
magnetizer,” another hole in the panel. 
The process is repeated until the desired 
balance is obtained. 

With this system, the flux densities 
of the magnets can be brought to within 
10 percent of each other, a high degree 
of balance for magnets of this type. 
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Ot Free fir 

| Your Justumeunts 

_ INGERSOLL-RAND HAS NL COMPRESSORS 

— *——sts—t~—“‘it~™S:SORROM THEE SMALLEST 
TO THE LARGEST 


‘en 
* 


Air-operated instruments, like production 
tools, are vitally important. That’s why so many 
plants are using Ingersoll-Rand NL air com. 
pressors, that don’t pump oil. This guards 
against instrument failures caused by oil-laden 
air. 

Non-lubricated compressors, pioneered by 
I-R, feature pistons fitted with graphitic-carbon 
rings that prevent metallic contact of the piston 
with the cylinder bore. These carbon rings are 
segmental with metallic inner expanding rings, 
to give the proper wall pressure. Because me- 
tallic contact is eliminated, and the rings are 
self-lubricating, the Ingersoll-Rand NL Com- 
pressor cylinders require no lubricant. 

To really put an end to production delays 
and excessive maintenance costs caused by oil- 
clogged instruments, get all the engineering 
facts and figures I-R makes available. Simply 
contact your nearest I-R representative, or write 
direct to Ingersoll-Rand, 11 Broadway, New 
York 4, New York. 


Model N machines available through 1 hp. 


Model 235 HNL machines available through 3 hp— 
other models through 250 hp. 


Ingersoll -Rand 


717.3 
Compressors ... 70 years of compressor ‘‘know-how" 
packed into these new compressors 
for air operated instruments! 





COMPRESSORS + AIR TOOLS - ROCK DRILLS - TURBO BLOWERS - CONDENSERS * CENTRIFUGAL PUMPS * DIESEL AND GAS ENGINES 
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measurement 


HAGAN  THRUSIORQ 






















Whenever you have a force measuring problem—consider Hagan 
Tanusiora. This partial list of applications now being handled success- 
fully by this simple and accurate device will give you some idea of its 
possibilities. 


CALGON 





e cradle dynamometer measurement of airplane and automobile engines 


single cylinder engine test stands 


evaluating turbine blade shapes 


measuring torque of helicopter engines 


a 


e 


automatic batch weighing 


a 


measuring thrust of jet engines and rockets 


testing piston rings 


chassis dynamometers 


axle testing machines 


If you think Hagan TarustRa may be the answer to some of your 
problems, write us about it. Our engineers are at your service. 


HAGAN CORPORATION, HAGAN BUILDING, PITTSBURGH 30, PENNSYLVANIA 


HAGAN THRUSIORQ 


o 0 
measuring thrust and torque Willa PA 
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Ninety-nine out of 100 metallurgists and 
heat-treaters have not yet had a chance to see a 
continuous instrument record of the carbon in 
a furnace’s carburizing gas. And probably 
not 99 out of 10,000 production men have seen 
such a sight. 


But neither group is going to be unfamiliar 
with this advance for much longer, because this 
valuable information is now as easy to get as a 
temperature record. It comes from a Micro- 
max Carbon Recorder, which is part of the 
brand new L&N Microcarb Control. 


Already several dozen plants have ordered 
Microcarb equipment. Here and there a pres- 
ent user is letting his friends drop in for a peek. 
So, the Carbon Record will soon be pretty gen- 
erally known to men who look for the modern 
way to cut carburizing costs or improve car- 
burized parts. 


Every metallurgist and heat-treater will 
probably have his own idea as to exactly what 
this instrument can mean in his plant. Tech- 


LEEDS 


Trl. Ad. TD4-623(6) 
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Here's a record... 
that few have ever seen! 





nically, it shows only the percent of active 
carbon in the atmosphere of a Homocarb Fur- 
nace; but practically, it shows the surface car- 
bon content of the parts being carburized! 
Used with Microcarb Control, it means that 
“the carbon you set is the carbon you get.” 
You can control the surface carbon, regardless 
of whether you want a shallow or deep case; on 
familiar steels or the newer alloys. 


Only Homocarb carburizing equipment of 
our new Series H can be used with Microcarb, 
because the furnace and its temperature con- 
trol must be designed to meet the needs of at- 
mosphere regulation. Specific features are a 
soundly designed electric furnace with solid- 
bottom retort, improved fan housing and work 
support, and aerodynamically designed dis- 
charge jets. Micromax temperature control of 
the Duration-Adjusting Type is included. 


The full Microcarb story will be mailed on 
request. Address either our nearest office, or 
4955 Stenton Ave., Philadelphia 44, Pa. 


NORTHRUP 
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Editorial 


Cannan 





Frontiers of Instrumentation 


ESPITE talk of “manless factories” and “robot ma- 

chines” the modern frontier of instrumentation—the 
region of unsolved problems—is more immediate and less 
spectacular. The manless factory and robot machine are 
here today. All the problems associated with robotizing a 
lathe or automatizing a distillation tower are solvable with 
existing instruments. The as-yet-unsolved problems involve 
the dollars-and-cents factors of applicability. 

Dr. Donald P. Campbell, Associate Professor, Electrical 
Engineering, M.I.T., spoke on this subject to a joint meet- 
ing of the American Institute of Electrical Engineers 
(Pittsburgh Section) and the Engineers’ Society of West- 
ern Pennsylvania (Electrical Section). The meeting was 
held at the Mellon Institute Auditorium, Pittsburgh, Pa., 
on February 18, 1952. In his address, Dr. Campbell out- 
lined the difficulties involved in analyzing the process re- 
sponse characteristics—the first unknown in any industrial 
control application. This is particularly true of processes 
in continuous operation; two hours’ loss of production can 
amount to many thousands of dollars’ loss of product. 

Thus the first major problem is analysis of the process in 
terms of frequency and phase response. A much-to-be- 
hoped-for development would be a method for deriving the 
plant characteristics from operating data. 

A second major problem involves the analytical handling 
of nonlinear responses. Although linear responses of almost 
any shape can be matched and handled by instruments, the 
nonlinear response (a too familiar one in industry) is at 
present not handled without major assumptions and limita- 
tions that, in effect, ascribe a degree of linearity to the 
system. 

A third problem involves the calculation of flow, tempera- 
ture, pressure, etc., in systems with distributed parameters. 
Here again, the conventional analysis based on lumped 
parameters is not valid. 

fourth problem involves the specifications of instru- 


ments. For reasons known only to the manufacturers, the 
response of their instruments is not public knowledge. This 
information is necessary because the instrument must be 
at least one decade (ten times) better than the process in 
bandwidth and frequency response. Dr. Campbell predicts 
that this information soon will be made available. Among 
the vital specifications will be (1) nominal horse-power 
rating, (2) nominal phase shift at various frequencies, and 
(3) frequency response. 

Here is the clarion call to all instrument manufacturers. 
Waste no time. Provide these theoretical men with all the 
operational data at your disposal. The next step forward 
then will be theirs! 


Community Action 


HE Detroit Section of the ISA has started an activity 

that has great implications for good. In the February 
1952 issue of the Detroit ISA “Recorder,” J. D. McCullough 
of the Ethyl Corporation asks his fellow members if they 
wish to volunteer in an advisory or emergency consulting 
basis. The fields in which activity is contemplated are: (a) 
Radioactivity measurements, (b) electron microscopy, (c) 
optical microscopy, (d) biochemistry, (e) electronic ampli- 
fiers and servomechanisms, (f) polarography, (g) air con- 
ditioning, (h) spectroscopy, (i) electrophoresis, and (j) 
oscillography. 

There are groups in each of the above fields that need 
help. And there is no single group of men who can provide 
better “know-how” than instrument men. For example, 
most cities have a cancer research group working on prob- 
lems of the greatest importance to humanity. The members 
of the instrumentation fraternity can use their skills to 
benefit their fellow man in this direct manner. We urge 
all instrument men to consider and investigate activity of 
this type. 


Next Month’s Features 


Standardization 


Next month, Messrs. Klingenberg and Elliott of the 
Chemical Plants Division of the Blaw-Knox Construc- 
tion Co. will show the advantages that a degree of 
standardization would bring to instrument manufacturers 
and users alike. More important, a program is suggested 
that would lead to the benefits of standardization with 
minimum pain. We urge careful thought on this important 
subject and look forward to some concrete action by the 
most dynamic group in America—the instrument men. 


Servomechanisms 


Also in next month’s issue will be two articles on electro- 
mechanical servomechanisms. Mr. P. H. Williams of Servo- 
mechanisms, Inc., will describe the features of the devices, 
and Mr. R. G. Durnal, of Westinghouse Electric Corp. will 
show their application in control of processes by “indirect 
variables”—that is, by controlling secondary effects which 
are linear (but not straight-line) functions of the primary 
process variable. 





Electrometer 


The application of the vacuum-tube electrometer will be 
discussed next month by J. F. Keithley of Keithley Instru- 
ments, Inc. This familiar research instrument can have 
many industrial uses. 


Stability 


Mr. J. Ay Baring of Askania Regulator Co., will present 
a clear and simple discussion of the two factors that deter- 
mine controlled-plant stability—amplitude-frequency re- 
sponse and (2) phase change. He will examine the open- 
loop response to show the effect of plant and regulator. 


Instrument Electronics 


M. H. Aronson will conclude his discussion of electronic 
amplifiers with the subjects of video amplifiers, biasing 
methods, feedback, cathode followers, electrometer tubes, 
and noise level. . 
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The Months NEW INSTRUMENTS 


: : . Mt Ee 
In this department we report each month new devices for measurement, inspection, testing, 
computing, metering and automatic control—in the form of concise technical descriptions. 


FOR FURTHER INFORMATION USE THE POSTAGE-FREE ORDER CARD ON PAGE 373 








Automatic Proportioning 
| System 


New “Select-O-Weigh” system places 
automatic weighing within range of 
small plants; one automatic scale ac- 
complishes work of twelve scales for 





all proportioning operations. Electronic 
circuit is suited for explosion-proof in- 
stallation. Standard scale is weighing 
element. Master control panel includes 
as many setting dials (up to 12) as 
there are ingredients in formulae 
handled. Operator, at any remote loca- 
tion, sets each dial for amount of each 
ingredient. Screw feeder mechanism 
then delivers to scale amount of mate- 
rial set on first control dial and then 
stops. Scale then either discharges to 
mixer or adds next ingredient to preset 
amount. Control circuits provide either 
(1) delivery of consecutive weights of 
varying amounts according to schedule, 
or (2) accumulation of a total batch of 
a formula and its discharge as a whole. 
Tare check circuit prevents next weigh- 
ing until unit is in perfect empty bal- 
ene Scale Co., Clifton, 
N;,d- 
Mention No. 301 when filling out card. 


Electron Microscope 


New “EM-100” electron microscope 
has resolving power of 30 A.u. and 
screen magnification continuous from 
1000X to 60,000X. Accelerating poten- 
tials of 40, 60, 80, and 100 kv. are avail- 
able. Large field permits recording of 
large areas. Roll-film 35-mm. camera 
permits 40 exposures at one loading and 
allows enlargements to 12X. Features: 
Positioning and film transport under 
vacuum; built-in photometer; immedi- 
ate change-over for electron diffraction 
patterns; selected particle under con- 
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tinuous observation; clear images; low 
chromatic aberration; beam-alignment 
system operated by finger-tip controls. 
—North American Philips Co., 750 S. 
Fulton Ave., Mount Vernon, N. Y. 
Mention No. 302 when filling out card. 


Power-level Recorder 


New power-level recorder affords con- 
tinuous automatic recording of power- 
level measurements: antenna patterns, 
attenuation of transmission lines, char- 


Wil 





acteristics of filter networks, etc. Prin- 
ciple is attenuating input signal to 
match a constant internal reference 
voltage. Full-scale reading is 20, 30, 
40, 50, or 60 db above reference level 
of 0.0002 milliwatt. Full-scale changes 
recorded in less than 2 seconds. Limit 
of error is 0.5 percent of full scale 
within 40 to 150,000 cps.—Leeds & 
Northrup Co., 4934 Stenton Ave., Phila- 
delphia 44, Penna. 
Mention No, 303 when filling out card, 


I 


Electron Microscope 


New “Model EST 1” electrostatic 
electron microscope with  resolyin 
power of 30 A.y. has new electrostatic 
lens system that simplifies operatio, 
Specimen image does not rotate wit 
changes of magnification. Features jp. 





clude high image quality at direct mag. 
nifications up to 20,000X, large-area 
viewing screen, built-in camera without 
air lock, and high-intensity electron gun 
with replaceable filaments. Instrument 
is adaptable for electron diffraction and 
stereo electron micrographs.—Farrand 
Optical Co., Inc., Bronx Blvd. & E. 
238th St., New York 70, N. Y. 


Mention No. 304 when filling out card, 


Spectrometer 


New “Model 112 Infrared Spectrom- 
eter” provides double-monochromator 
performance with single-monochroma- 
tor simplicity. Features of “Model 12-C 





are retained, includ- 
ing simple-prism interchange, mobile 
mounting console, automatic wave 
length speed scheduling, micro and 
macro sampling, and provision for po- 
larization studies—The Perkin-Elmer 
Corp., Norwalk, Conn. 

Mention No. 305 when filling out card. 


Spectrometer” 
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Miniature Recorder 


aieur “Autronic Recorder” is inde- 
saNniy-powered null-balance minia- 
we strip-chart recorder for maker’s 
“ ic Control System.” Unbalance 
+woen output of primary-element 

itter (0-0.5 v. a.c.) and balanc- 
ing transformer is amplified to drive 





942 


rotary-solenoid motor for positioning 
n. Pen traverses 3-inch chart in 0.5 
second; response-speed is adjustable. 
Plug-in connections permit entire re- 
corder to be removed. Mechanism can 
be pulled 3 inches to inspect past rec- 
ords without stopping recorder. Three- 
hour record visible at all times. Stand- 
ard chart speed is 1 inch per hour. A 
30-day chart is supplied, with linear 
or square root graduations, or in terms 
of variable being measured. Available 
with or without built-in set-point ad- 
justment—_Swartwout Co., 18511 Eu- 
clid Ave., Cleveland 12, Ohio. 


Mention No. 306 when filling out card. 


Temperature Controller 


New “Model J Gardsman” proportion- 
ing indicating pyrometric controller, in 
price range of off-on controllers, con- 
trols ratio of fuel or power “on” and 
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PROPORTIONING 
CONTROL 


OFF ON 
CONTROL 


“off” over time-cycle to maintain tem- 
perature. Controller anticipates and cor- 
rects for thermal inertia, preventing 
overshooting. Pointer indicates temper- 
ature at all times because proportioning 
action takes place in controller sec- 
tion only. “Model JP” is available 











HIGH CAPACITY 


5 cubic feet per minute 
(140 liters per minute) 


GUARANTEED VACUUM 
0.0001 mm Hg or 0.1 microns 





acteristic of this unit. 


1402. DUO-SEAL TWO-STAGE 
VACUUM PUMP. Pump unit only, 
not mounted on a base, but with 
a 10 inch grooved pulley, a sup- 
ply of oil, and directions for use. 

Each $190.00 











QUIET OPERATION 
VISIBLE OIL LEVEL 
COMPACT DESIGN 





This new two-stage Duo-Seal pump is constructed 
with the same care and precision as its fore-runners 
in the Duo-Seal line. The extremely quiet operation, 
so much appreciated in the other models, is also char- 


A positive oil seal prevents the oil from backing into 
the exhaust line. Oil may be changed in a few minutes 
due to the conveniently located oil drain. 


Available for Immediate Shipment. 


Overall dimension for 
pump and motor 

15!/," high and II" wide x 
1954" long 


No. 1402-B 


1402B. DUO-SEAL PUMP, MO- 
TOR-DRIVEN. A No. 1402 Pump 
mounted on a base with a !/2 H.P. 
115-volt A.C. motor. Complete 
with pulleys, belt, and cord. 
Each $250.00 
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in 36 standard scale and thermocouple 
ranges; power is 115 or 230 v. 60-cycle. 
—Taco West Corp., 525 N. Noble St., 
Chicago, Ill. 


Mention No. 307 when filling out card. 


Absolute-pressure Indicator 


New absolute-pressure indicator re- 
quires no corrections for barometric 
pressure changes, temperature, or alti- 
tude; is calibrated from 0 to 4, 8, or 16 


(GORDON 

THERMOCOUPLE 
EXTENSION 
LEAD WIRE 






The precision quality of Gordon Thermo- 
couple Extension Lead Wire is the result 
of continued experience since 1915 in 
careful selection and inspection that meets 
rigid insulation requirements and Bureau 
of Standards specifications. 

Gordon's Chicago and Cleveland plants 
carry complete stocks of Thermocouple 
Extension Lead Wire for practically every 
application. (See illustrations below.) 









in. mercury. Scale length of 6-in. dial 
| is 16 in., giving a scale magnification of 
| 4 to 1 compared to a mercury column. 
Ranges as low as 0-1 in. mercury are 
available. Instrument can be calibrated 
to read inches of mercury vacuum at 
| standard conditions—Wallace & Tier- 
| nan Products, Inc., Belleville 9, N. J. 


Mention No. 308 when filling out card. 


These are good reasons why your order 
gets immediate delivery of a QUALITY | 
product. ORDER NOW! No delays. Prices | 
available on request. 





New telemetering receiving stations 
for FM/FM system are available in 
various combinations. Up to 14 contin- 
uous subcarriers can be received and 
recorded simultaneously; 27 signal 
channels can be separated from com- 
mutated subcarriers, each recorded as 





CHROMEL-ALUMEL, Cat. No.1231(3-A),14 ga., STRANDED, 
, each wire felted asbestos, Asbestos-yarn braid 
overall. 





FOR PLATINUM THERMOCOUPLES, Cat. No. 1225, 16 ga., 
STRANDED-DUPLEX, each wire felted asbestos, Asbestos- 
yarn braid overall. 





CHROMEL-ALUMEL, Cat. No. 1234, 14 ga., SOLID-DU- 
PLEX, each wire enamel, felted asbestos, Asbestos-yarn 
breid overall. 





IRON-CONSTANTAN, Cat. No. 1236-C, 14 ga., STRAND- 
ED-DUPLEX, each wire felted asbestos, Asbestos-yarn 
braid overall. 





Se ea TTI 
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COPPER-CONSTANTAN, Cot. No. 1235-A, 14 ga., SOLID- 
OUPLEX, each wire cotton, rubber, weatherproof braid, | 
lead sheath overall, 
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>< SERVICE.?< 


CLAUD S. GORDON CO. 


Manufacturers & Distributors 
Thermocouple Supplies + Industrial Furnaces & Ovens 
Pyrometers & Controls » Metallurgical Testing Machines 
Dept. 2! + 3000 South Wallace St., Chic 16, tl. 
Dept. 2! + 2035 Hamilton Ave., Clevel 14, Ohio 
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Humidity Controller 


New “H 64A” humidit 
considerably less expensive than 
er’s electronic model, utilizes hair 
hygroscopic element. Under most Fe 
ditions, operating differentia] jg len 
than five percent.—Minneapolis-H, 
well Regulator Co., Minneapolis, Min, 

Mention No. 309 when filling out card, 


Temperature Regulator 


New “Type 1005” self-operated tem. 
perature regulator is easily disassem. 
bled for relapping and cleaning. Fea. 
tures: visual finger-tip dial control; 





























built-in strainers; stainless-steel seats 
and disks; and internal porting. Con- 
trol accuracy is 1 deg. F., obtained by 


Telemetering Receiving Stations 


a continuous trace by galvanometer or 
CR oscillographs. Provisions are also 
made for magnetic and pen recorders. 
Patch panels provide flexibility of op- 
eration.—Pacific Div., Bendix Aviation 
Corp., North Hollywood, Calif. 


Mention No. 310 when filling out card, 
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Potentiometer precision—where it counts! 


eel seats 


ing. Con- 

— Engineers at Servomechanisms, Inc., needed control 2. their precision mechanical design eliminates back- 
components that would go hand-in-hand with the ex- lash and binding which would cause serious errors 

cnn tremely high accuracy they designed into this computer in the computing system. 

are also | foraradar-gunfire control system. Two 3-gang Fairchild These potentiometers are driven through 72-pitch stain- 

ee precision potentiometers are used for two principal less-steel gears. Fairchild potentiometers depend on 

Aviation | reasons— more than just accurate windings for precision. For 

st card. | 1, they have extremely high functional accuracy, and details see below. 





3. The housing is precision-machined 
from aluminum bar stock. Close toler- 
ance of this construction permits ganging 
up to 20 units on a single shaft with- 
out eccentricity of the center cup, even 
though only two bearings are used for the 
entire gang. 


HOW PRECISION IS BUILT INTO 
FAIRCHILD POTENTIOMETERS 


1, The shaft is centerless-ground from 
stainless steel to a tolerance of +0.0000, 
-0.0002 in. which together with pre- 
cision-bored bearings results in radial 


shaft play of less than 0.0009 in. 4. The windings are custom-made by an 


exclusive technique. Guaranteed accu- 
racy of linear windings in the types illus- 
trated is 0.5%; non-linear 1.0%. Higher 
accuracies (to 0.05%) are available in 
other types. Guaranteed service life is 
1,000,000 cycles. 


2. The mounting plate has all critical 
surfaces accurately machined at one set- 
ting to insure shaft-to-mounting square- 
ness of 0.001 in/in. and concentricity of 
= to pilot bushing within 0.001 in. 


DO YOU NEED THIS KIND OF PRECISION? Fairchild Sample 
laboratory engineers are available to help on special poten- ( 
tometer problems. To get the benefit of their knowledge and 


experience write today, giving complete details, to Fairchild 


Camera and Instrument Corporation, 88-06 Van Wyck Boule- i alas PO TEN TIOME TERS 











vard, Jamaica 1, New York, Department 140-24B. 
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em 5,348 relay 


types ... each subject to many 
electrical and mechanical 
adaptations ... produced by a 
highly skilled organization 
which, for over 25 years, has 
specialized in relays exclusively. 


Here is relay experience! 


“RELAY ENGINEERING" the famous 640- 

page handbook brings you full benefit 

of Struthers-Dunn's experience in pro- 

ducing thousands of relay types for hundreds of 

pplications. A plete, fully-illustrated guide 

to all phases of relay selection, use, circuitry 
_ and maintenance. Price $3.00. 


STRUTHERS-DUNN 











Struthers-Dunn, Inc., 150 N. 13th St., Philadelphia 7, Pa. 
BALTIMORE © BOSTON e@ BUFFALO e@ CHARLOTTE @ CHICAGO e CINCINNATI 
CLEVELAND e DALLAS e DETROIT e@ KANSAS CITY e@ LOS ANGELES 
MINNEAPOLIS @© MONTREAL © NEW ORLEANS e@ NEW YORK e PITTSBURGH 





ST. LOUIS @ SAN FRANCISCO e@ SEATTLE © SYRACUSE @© TORONTO 
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vapor-flash pilot-operatin ine) 

99 percent of power to position aa ke: 
taken directly from steam, 1 Daren 
from vapor expansion in the 4 
system. Sizes 2-in. through 4-jn.: vith 
125-Ib. or 250-Ib. ASA flanges for sty 
pressures from 10 to 150 psig. and in 
temperature control from 30 to 325 ? 
(adjustment range 60 F.) —Farrig Sto 
con Corp., 610 Commercial Ave, Pal. 
sades Park, N. J. <a 


Mention No. 311 when filling out card 


Oxygen Indicator 


New “Type C-2” oxygen indi 
has only three po:nts which = al 
tention—(1) carbon electrode, whic 
must be replaced periodically; (2) q. 


ee 


ER RRS > 





tector cell, which requires an ounce cr 
two of oxylite every two weeks; and 
(3) one No. 2 flashlight cell, which 
must be replaced every week. Stand- 
ard full-scale ranges are 0 to 1, 5, 10, 
and 25 percent. Scale with 50 gradua- 
tions yields oxygen concentrations to 
two percent.—Mine Safety Appliances 
Co., Braddock, Thomas, and Meade Sts., 
Pittsburgh 8, Penna. 


Mention No. 312 when filling out card. 


Drum-chart Recorder 


New “Model 51 Electronic Recorder” 
for use with universal testing machines 
has automatic null-balance system which 
rotates chart drum in direct proportion 
to strain or deformation of specimen 
under test, while testing machine pro- 
duces a stress coordinate by horizontal 
movement of non-clog pen. Sensitivity 
is 0.05 percent of full scale for each 
range; accuracy of strain coordinate 
is 1/5 division (0.2 percent of full 
scale); accuracy of stress coordinate 
equals that of testing machine. Magni- 
fications from 1000:1 to 1:1 are avail- 
able by switch. Can be applied to all 
testing machines. When used with beam 
and hydraulic gage types, an additional 
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null system is necessary to drive load 
n across chart.—Tinius Olsen Testing 
Machine Co., 1116 Easton Rd., Willow 
Grove, Pa. 
Mention No. 313 when filling out card. 


Multi-channel Oscillograph 


New “Model 555” oscillograph has 
gmall size, accuracy, and ruggedness. 
Among features: 14 channels, trace 
identification (beam interrupter type), 





electronic timing lines at 0.01 or 0.1 
see, intervals, and continuously variable 
paper speed from % to 12 inches per 
second. Galvanometers available with 
undamped natural frequencies from 
100 to 3500 cps. Oscillograph weighs 
12 Ibs., operates on 24 volts d.c., and 
uses 35-inch paper.—Midwestern Geo- 
physical Laboratory, 2803 West 40th 
St., Tulsa, Okla. 


Mention No. 314 when filling out card. 


Megohmmeter 


New “Type 1862-A Megohmmeter” 
requires only turning of a multiplier 
switch; resistance is read directly. 
Range is from 0.5 megohm to 2,000,000 
megohms, in six decades. Test voltage 

















Famous Guns 


=== yea ) 





















Colt Army Revolver, 
Model 1872, Caliber .45 


Known as the “Peacemaker” and, in 
-44. caliber, the “Frontier” revolver. 
This famous Colt was the law west of the 
Mississippi! Weight and ruggedness made 
5 it a convenient means of administering 

a “pistol whipping”. 


Model 1808 Navy Pistol, Caliber .64, 


made by Simeon North of Berlin, Conn. 
Boarding pistols like this rendered 
valuable service in the War of 1812. In 
building them, North actually used 

a modern mass production technique— 
standardized parts! 











Instant-heating 


Weller Soldering Gun for 
light or heavy work. Dual 
heat greatly increases tip life. 
Switch instantly to high or 
low heat as job requires. Pree 
focused spotlights end “blind soldering”. Exclusive 
tip-fastening arrangement assures full, constant heat. 
High-impact plastic housing. Perfect balance. Low-cost 
replaceable tips. Pays for itself in a few months. See at 
your Distributor or write for Bulletin direct. 


Get SOLDERING TIPS, new Weller Handy Guide to faster, easier soldering. 
20 pages fully illustrated. Price 10c at your Distributor or order direct. 




















FROM GRIP TO TIP 





SOLDERING GUNS 800 Packer Street, Easton, Pa. 
The Finest Soldering Tool for the Finest Craftsmen 
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In This \ a : 
NEW “Bendix-Pacific 


TELEMETERING COMMUTATING SWITCH 


Commutation of telemetering subcarrier oscillator input 
voltages or pickup output at high sampling rates can 
now be provided with this new Bendix- Pacific TSC-18 
Commutating Switch. 

The TSC-18 Commutating Switch is a three pole switch 
having 60 contacts per section and shorting type contact 
wipers. Non-shorting type operation may be obtained by 
connecting to alternate contacts giving 30 circuits in each 
section with 60% duty cycle. The wipers are adjustable 
for synchronization of all sections. 

Long life has been engineered into the switch through 
the use of heat treated precious metal contact pins and 
wipers. The contact plate and rotor are completely 
enclosed in an aluminum housing which is attached to « 
small permanent magnet motor having an integral gea 
train and governor. 







SPECIFICATIONS 





Motor Voltages: 6, 12, or 28 volts DC. Acceleration: Satisfactory to 40 G along 
Motor Current: 300 to 500 ma. any axis 
Capacities: Adjacent pins: 2.8 mmfd. Vibration: Satistactory to 20 G ata 
Alternate pins: 2.2 mmfd. frequency of 55 cps or 10 G to 
Inner to middle slip ring: 19.2 mmfd. 600 cps along any axis 
Outer to middle slip ring: 18.3 mmfd. Dimensions: 3.5” max. diameter; 
Outer to inner slip ring: 16.7 mmfd. 4.98” max. length 


Temperature range: —50°C to + 100°C Weight: 1.18 pounds 


endi” 








Write for complete Pacific Division 


information “Bendix Aviation Corporation 


MORTM MOLiVWOOD CALIF 


0 MEASURE. 10 Wapy, 10 sypicATE--ATADISTAN Ge | 
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| Weight is 11.25 lbs.—Associated Re- 


NEW INSTRUMENTS 


of 500 volts is applied to resist, 
under test; discharge position of aie 
plier switch removes all Voltage af 
terminals. Designed for field and |ah, 
oratory, instrument is rugged, Poy 
is a-c. line—General Radio Co. mh 
Massachusetts Ave., Cambridge 4 
Mass. ’ 





Mention No. 315 when filling out card, 


‘ 


Combustion Analyzer : 


New “Model 140 Veco Combustip 
Analyzer” indicates (1) CO. content ¢ 
flue gas, (2) flue-gas temperature, anj 
(3) over-fire draft on one dial. Peatuy 
is single sampling tube with built-in 





thermocouple, making instrument easy 
to operate. Analyzing element and ref. 
erence element are sealed in glass for 
permanent protection against corrosion 
and shorting. Small 6-volt battery is 
mounted in cabinet; accessories come 
in carrying bag.—Victory Engineering 
Corp., 744 Broad St., Newark, N. J. 


Mention No. 316 when filling out card, 


Precision Ohmmeters 


New Models “244A” and “264A” 
ohmmeters have compensation for ag- 
ing of internal resistance of batteries 
and for lead resistance. Accuracy is 





1/32 inch at any point on scale and 
0.5 percent at mid-scale. “Model 244A 
has ranges of 0-50, 500, 5,000, and 
50,000 ohms. “246A” has ranges of 
0-100, 1000, 10,000, and 100,000 ohms. 


search, Inc., 3758 W. Belmont Ave. 
Chicago 18, IIl. 


Mention No. 317 when filling out card. 





micro 








thusetts Ave., Cambridge 39, Mass. 
Mention No. 318 when filling out card. 


Electrometer Shunt 
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rect-current readings from 10-6 to 10-13 
ae ampere.—K eithley Instruments, 3868 
she ital Carnegie Ave., Cleveland 15, Ohio. 





| 244A” Mention No. 319 when filling out card, 
0, and 

ges of 

= Pulse Generator 

+ Ave., New “FX-100” portable X-ray pulse 


generator consists of: (1) control unit 
aa enitaining high-voltage RF power sup- 
Ply and high-voltage pulse circuit, and 





Octave-band Noise Analyzer 


New “Type 1550-A Octave-band Noise 
Analyzer” has eight pass bands. Lowest | 
is low-pass filter; highest is high-pass | 
filter; middle six, covering from 75-4800 | 


cycles, are each one octave in width. | 
Amplifier, calibrated attenuator, and | 
indicating meter measure octave-band | 


Jevels over range of 60 db. Operates | i : i. aa ft mee Me 
from output of standard sound-level | / % ew mprov o iW if 


meter.—General Radio Co., 275 Massa- 


New “Model 2001” electrometer shunt 
mmits quick conversion of maker’s 
“Model 200” electrometer to a micro- 
microammeter; is available in seven 


standard resistance values; permits di- | 






Rear view with alumi- 
num cover removed to 
show sturdy, lightweight 
construction, 


















_Movement...at Modest Co 


Use of the proven taut-suspension principle assures 
light weight, minimum size, and low cost for these new 
Shallcross Type 1951 galvanometer movements. To 
minimize weight and simplify construction the coil 
system is suspended on sturdy rod supports instead 
of a heavy phenolic base. Mounting dimensions are 
standard and the units are supplied in sensitivities of 
0.5—1.—2. and 4 microamperes per mm. scale division. 


. 

























ae Two New 
Galvanometers 


Only 4%” x 4%,” x 354”, the new Shallcross 
Series 315 galvanometer is ideally suited for 
field, laboratory or production use where 
low cost and portability are important fac- 
tors. Where large current variations are 
encountered, the Shallcross 316 Series with 
built-in Ayrton shunt switch provides 
greater versatility. Both types utilize the 
new Shallcross Type 1951 galvanometer 
movement. Write for bulletin L-26 to: 
SHALLCROSS MANUFACTURING 
COMPANY, Collingdale, Pa. 





SERIES 316 











SERIES 315 


' 
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NEW-Fast-Reliable-Lower Cost! | ————""-_| 





(2) power unit containing pulse trans. 
former and capacitor. X-ray tube ig at. 
tached to front of power unit, Equip. 
ment is designed for radiographic re. 
.cording of ultra-speed phenomena, a 
in ordnance and ballistics; also indys. 
trial research, particularly dynamic 
stress analysis.—Microtime Laboraty. * 
ries, 2231 S. Barry Ave., Los Angeles : 
64, Calif. 


Mention No. 320 when filling out card, 





Electric Tachometers 


% DIRECT READING 
* COUNTING TO 1,000,000 CPS New electric tachometers have guar. 
a RUGGED PLUG-IN CONSTRUCTION speed being measured. Aoasaraae 


tion adjustments are on front of instrv. 


Berkeley complete line of decimal counting units includes the 
improved Models 700A and 705A, now offering higher counting 
speeds, increased stability and longer operating life. Two new units, 
the 706A and 707A, have been added to provide maximum counting 
rates of 350,000 and 1,000,000 cps respectively. All units are designed 
for cascade arrangement to provide any desired total count capacity. 
All units of same model number interchangeable without adjustment. 
Instantaneous reset to zero through opening of grid return circuit. 


















































trips 

SPECIFICATIONS belo 

MODEL MODEL MODEL MODEL 

700A 705A 706A 707A ba 

Maximum Counting Rate} 40,000 cps 100,000 cps 350,000 cps 1,000,000 cps 16 0 

Resolution—Pulse Pairs 5 p sec. 5p sec. 1p sec. 0.8 p sec. ments. Ten overlapping ranges provide ont 

aaiey 10-to-1 spread in speed. Three scales (3 

Tubes 4-5963 4-5963 Pritt} 6-6AL5 provide good readability of minor divi- for 

sions.—Metron Instrument Co., 482 Lin. | TE 

Plug-In Mounting Octal Octal 11 pin 11 pin coln St., Denver 9, Colo. , 

Dimensions 1%6"x5¥/o"x5Y/2” | 136"x542"x5¥2" | 21/2"x512"x512” | 314"x512"x542" Mention No. 321 when filling out card. po 

Weight 12 02. 12 02. 24 02. 24 02. ati 

quit 

, 5 145 of. 8 } 

ae ud 2 of 3 : Amplifying Stethoscope Dri 

wm ; M 
sc . New “Lectron-O-Scope” provides up 
LOWER cost—A Berkeley Policy to 50X amplification; weighs 9 02; 

Continually-widening applications for Berkeley instruments and ] 

components have enabled us to realize substantial economies in manu- N 

facturing cost. These benefits are distributed equably among those ry 

who have made them possible—our customers, our engineering and v2 

manufacturing group, and our field organization. To you, the user of eith 

am} 


Berkeley instruments, these benefits accrue in the form of better and 
better equipment at lower and lower cost. 


FOR COMPLETE INFORMATION, please write for bulletin 700 I. 


Berkeley, Scientific Corporation 


2200 WRIGHT AVENUE e RICHMOND, CALIFORNIA 
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it card, 
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a on doctor’s regular binaurals. 
—Ble 


Sherman : 
Mention No. 322 when filling out card. 


} 


portable engine-driven generating sets: 
1) New “Under-frequency Control” 


( 





vides up 
| 9 on; 





sins both microphone and speaker; 


ronic Stethoscope Corp., 1316 
! Ave., Evanston, Ill 


Under-frequency and 
Overspeed Controls 


wo new automatic devices are for 
_ aircraft electrical systems and 


J 


trips circuit breaker if frequency drops 
below 360 and closes circuit breaker 
when frequency is restored to 400 eps. 
Uses no electronic components; weighs 
16 oz.; can be adjusted to 2-cps. differ- 
ential. 
(2) New “Overspeed Safety Control” 
for engines and turbos takes speed ref- 
erence either from ignition system of 
engine or tachometer generator of tur- 
bo; shuts off fuel and/or ignition, should 
overspeed occur; does not require lubri- 
cation or field adjustments.—Electro- 
quipt Controls, Inc., 30 Sagamore Hill 
Drive, Port Washington, N. Y. 
Mention No. 323 when filling out card. 


Regulated Power Supply 


New “Model 100A-5” regulated power 
supply furnishes 0 to 500 v. d.c. at 0 
00 ma.; bias voltage from 0 to -150 

v, at 2 ma. Also two outputs of low a.c. 
either 6.8 v. at 6 amp. or 12.6 v. at 3 
amp. Regulation is better than 0.2-volt 














RAYTHEON takes irs 


ENVIRONMENTAL TEST PROBLEMS 


to Menney 


A tank in battle takes far less punishment than the delicate 
electronic components in modern military equipment. To ensure 


the operational durability of products bearing the trademark 
“Raytheon,” this leading manufacturer of precision electronic 
equipment and tubes of Waltham, Mass., employs this Tenney 
Test Chamber in a complete environmental test program. 
Specifications: temperature range, —85°F to +200°F; pull-down 
to —70°F with 1000 Ib. mass load within 1 hr.; dissipation 2 kw 
at —70°F; relative humidity, 20% to 95%; altitude to 75,000 ft. 
Maximum flexibility and ease in setting up tests are ensured by 
a bank of 144 terminal connectors and 12 high-voltage lead-ins. 
For all types of testing—development, research, specification, and 
production—a Tenney-engineered chamber will meet your require- 
ments. For testing under all degrees of humidity, at all altitudes 
and..témperatures, a Tenney-built test chamber assures complete 
dependability and precisely controlled test data. Automatic cycling, 
indicating, and/or recording systems to your specifications, if 


desired. 
For further information without obligation, write Tenney En- 
gineering, Inc., Dept. 5, 26 Avenue B, Newark 5, New Jersey. 


Test Chamber Design for Every Industrial Use 


<Menney 


Engineers and Manufacturers of Environmental Test Equipment 








@ es 
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KARN - CHEMICAL - EQUIPMENT - COMPANY 
518 DICKSON AVENUE - PITTSBURGH 2, PA. 








Control Boards 


There's no substitute for experience, and Littleford can 
offer 70 years of experience in the fabrication of metals 
to unerring accuracy. These long years of handling metals, 
producing products with skilled workmen, reflect in the 
fabrication of panelboards, switchboards, cubicles, cabi- 
nets, instrument panels, control centers and switchgear 
housings. Littleford facilities are modern and afford an 










tleford is qualified to fabricate all type of metal 
including mild steel, stainless, monel, nickel, 


lem involving fabricated enclosures, remember 
there is no substitute for experience, and no 
substitute for Littleford workmanship. 


Send your blueprints to Littleford and be as- 
sured of quality at lower cost. 





‘-\ LITTLEFORD/ © 








LITTLEFORD BROS., INC. ye 462 E. Pearl St., Cincinnati 2, Ohio 
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NEW INSTRUMENTS 
I 


variation from no load to full load n 
to 500 volts, or for line fluctuatig 
from 105 to 125 volts. Hum is 3 





r.m.s.—Universal Electronics ¢ ah 
S. Sepulveda Blvd., Los Angle 


Calif. 
Mention No. 324 when filling out card 


Regulated Power Supply 


New “Kepco Model 3100” low-voltage 
regulated power supply has d-c, output 
voltage variable from 0-3 volts at 0-100 
ma. Output voltage variation js less 





than 5 millivolts for line fluctuations 
from 105-125 volts and load variation 
from 0-100 ma. Ripple is less than 
1 millivolt. Dimensions are 19x7x 11 
in.—Kepco Laboratories, Inc., 131 San- 
ford Ave., Flushing 55, N. Y. 


Mention No. 325 when filling out card, 


Voltage Tester 


New “Wigginton Voltage Tester” is 
easy and safe to use. When not in use, 
prods can be inserted in bottom of re- 








unprecedented standard of dependability. Lit- | 


aluminum and other alloys. If you have a prob- | 





ceptacle, shielding sharp points. By 





mounting one prod in either receptacle, 
direct probing can be made with both 
hands with voltage scale visible. By 
mounting both prods in top of recep- 
tacles, overhead testing is possible with 
scale at eye level.— Square D Co., 6060 
Rivard St., Detroit 11, Mich. 


Mention No. 326 when filling out card. 


Sonic Oscillator 


New magnetostriction oscillator con- 
sists of electronic driving element, 
hollow vibrator column, and cup assem- 
bly. Two sizes offered: small unit, op- 
erating at 9,000 cycles, has capacity of 
25 c.c. and delivers 50 watts to mag- 
netostriction rod. Larger unit has @ 
capacity of 50 cc. and delivers 200 
watts at 10,000 cycles.—Dept. 6470 
NR, Raytheon Mfg. Co., Waltham 54, 


Mass. 
Mention No. 327 when filling out card. 
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Output Meter 


New “Type OP-961” 50-watt output 
wer meter reads power or impedance 
accurately over a-f. range. Impedance 
ig adjustable in 40 steps from 2.5 ohms 





to 20,000 ohms. Instrument measures 
in steps of 0.1 milliwatt; is also cali- 
brated from minus 10 to plus 47 db. 
Accuracy is 2 percent. Impedance- 
changing network remains resistive at 
audio frequencies; multiplier network 
has constant impedance at all frequen- 
ciess—Daven Co., 191 Central Ave., 
Newark, N. J. 


Mention No. 328 when filling out card. 


Preamplifier 


New “Model A-800” four-stage pre- 
amplifier for high-quality audio systems 
consists of (1) two-stage compensated 
amplifier for magnetic-type cartridge 




















pts a 2 











0? Frequency, ¢pa. 





non-resonant control circuit. Uses two 
iF7 twin triodes. Upper and lower 
limits of bass and treble compensation 
are shown.—Approved Electronic In- 
strument Corp., 142 Liberty St., New 
York 6, N. Y. 


Mention No. 329 when filling out card. 


Recording 
Counter-Chronograph 


New “Recording Counter-Chrono- 
graph” has bank of stylii to record a 
rapid series of measurements such as 
individual velocities in a machine-gun 
burst. Data in digital form are trans- 
ferred to electrically sensitive paper. 








_ Designed to record mea- 





and (2) two-stage tone-compensating | 













NOW...9000 records 
per minute! 


with te NEW POTTER high sped 
TELEDELTOS 
RECORDER 


IMMEDIATELY VISIBLE 
INSTANTANEOUS 
PERMANENT 
DIGITAL 






X 









surements obtained on 
Potter Electronic coun- 
ters, scalers, chrono- 
graphs and frequency- , 
time counters. ] 





The Potter Instrument Co. 
High Speed Teledeltos 


Recorder provides a ee aa 
permanent recording of a en 
digital information at ge 

tates up to 150 one ¥ POTTER RECORDING 
presi RE nated / COUNTER CHRONOGRAPH 
measurements are trans- / 

ferred to electrically sen- “a Mesures time 


sitive paper using four / intervals up to 


stylii for each digit ar- / 0.10000 second 

ranged in the famous / in increments 

Potter (1-2-4-8) read-out. / of 2.5 microsec- 
| The records are indexed onds. (Higher 

intermittently and con- | resolutions are 

trolled by the events | also available.) : 

being measured. \ Applicable to projectile velocity mea- 

\ surements, frequency measurements, 

Write for information on geophysical measurements, teleme- 

specific applications to \_ tering and wherever micro-second 
| Dept. 4A. .* timing is required. 

» 
‘N 


‘\ 


POTTER INSTRUMENT COMPANY 


115 CUTTER. Bees ROAD GREAT NECK NEW YORK 
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NOW! ELECTRO-TECH’S 


OFF-THE-SHELF 
SEKVICE 


can save months 
on your schedule 


ONE SOURCE OF SUPPLY 
for all kinds of ELECTRICAL 
METERS, INSTRUMENTS and 
INDUSTRIAL CONTROLS 


No need to hold up pro- 
duction for lack of a 
meter, controller or other 
instrument! Electro- 
Tech’s warehouse is bulg- 
ing with panel meters, 
solenoids, transformers, 
rectifiers, timers, counters 
and every other kind of 
meter and control device. 
Plus—complete laboratory 
facilities to convert, repair 
and re-scale stock meters 
and instruments to fit 
your needs. 


© SIMPSON 

© WESTON 

© STRUTHERS-DUNN 

© MICRO SWITCH 

© SUPERIOR ELECTRIC 
© GENERAL ELECTRIC 

© WHEELCO 


FREE! PURCHASING 
GUIDE—Write today! 


ELECTRO-TECH 

EQUIPMENT COMPANY, Dent. 1-4 

55 Lispenard St., New York 13, N.Y. 
Ph A 7-4209 








HEISE GAUGES 


now used for 
PVT determination 





TIGHT AGAINST MERCURY 
HYSTERESIS LESS THAN % OF 1% 
CONSTANT READING THROUGHOUT TEST 


SENSITIVE TO SLIGHT CHANGES IN PRESSURE 











rsis. Exclusive Bourdon tube 


TIE GEE out the pressure range. 









$211.20. 
| Write for eatalog 


ee tae 
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repeated applications, Heise Bourdon Gauges have 
e than met the exacting earcocs of PVT 

esign and precision 
ng movement provide inherent stability and 


are used in many industries for pre- 
ements of pressure. Custom-built in pres: 
from 0-15 to 0-10,000 psi. Sizes: 814”, 12”, 
diameter. Standard gauges from $151.60 to 
Gauges for use with mercury are $20.00 extra. 


NEW INSTRUMENTS 
ae 








Instrument totalizes elapsed time i 
steps of ten microseconds or legs, 4; 
many as 150 measurements per seconj 
can be recorded with a capacity of six 
digits for each. Paper roll is drive, 
at any rate from 2.5 to 20 in./sec— 
Potter Instrument Co., Inc., 115 Cutter 
Mill Road, Great Neck, N. Y. 


Mention No. 330 when filling out card, 


Disk Recorder 


New “Wagner-16 MicroDisc Recorder, 
Model P16-450,” uses one-hour 16-rpm, 
unbreakable Vinylite disks with dia. of 
4.75 in. and 448 lines per inch. Disk 





drive uses no turntable, eliminates all 
flutter and wow. “Magic-eye” volume- 
level indicator is part of equipment. 
Weight is 28 lbs. with accessories— 
Audio & Video Products Corp., 730 Fifth 
Ave., New York 19, N. Y. 


Mention No. 331 when filling out card. 


Tape Reader 


New “High Speed Tape Recorder Mk. 
1” can read 5-digit teleprinter tape at 
speed of 250 characters per second. It 
emits a signal as soon as information 
from character is available; tape may 
then be stopped. If tape is stationary on 
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acharacter, next character is available 
for reading 5 milliseconds after “start” 
signal. Cathode followers transmit out- 
put from photocells. Output voltage 
swing between “hole” and “no hole” is 
12 volts. Light source is standard 36- 
watt bulb. Entire photosensitive area of 
photocell is used.—Ferranti Electric, 
Ine., 30 Rockefeller Plaza, New York 


20, N. Y 
Mention No. 332 when filling out card. 


Volt-ammeter 


New “Model 1200 Amprobe” volt- 
ammeter measures up to 1200 amperes, 
isof “snap-around” type whereby read- 
ing can be taken without interrupting 





circuit. Newly-developed doughnut- 
type transformer minimizes error due 
to position of conductor within probe 
jaws. Ranges: 0-15/60/150/300/600/ 
1200 amperes a.c., and 0-150/300/600 
volts ac. Voltage test leads are 
equipped with new “Amprobe” safety 
plug which automatically insulates it- 
self when removed from instrument.— 
He al Instrument Corp., Lynbrook, 


Mention No. 333 when filling out card. 


Electronic Timer 


New “Model 701” electronic timer is 
accurate to 0.5 percent of time cycle. 
Time interval is adjustable from 0.05 


Factories in Los Angeles, Toronto, New Haven. Representatives in prin- 
cipal cities. Address inquiries to Cannon Electric Company, Dept. C-180, 


Here’s why those in the know 





Screw ejection system for 
engaging and disengaging 
contacts. 


Hand tinning keeps solder 
inside cups. 


All pin and socket con- 
tacts precision machined 
from solid bar stock, gold 
or silver electroplated. 


- Inserts may be removed 
from front or rear of shell. 


Two-to-one ratio gears 
for remote engagement. 





Universal joint accommo- 
dates angle drive shaft. 


Radio tuning 
shaft adapter. 







Tapered shells automatically 
center contacts for engagement. 





This highly specialized DPD2 Cannon Plug, a member of the DP 
Series, has its principal use in aircraft instrument panels and 
remote radio control equipment. But, like many other Cannon 
Plugs, it has found its way into other fields where the highest 
quality is needed and where the value of long, trouble-free per- 
formance is recognized. 

Originally this 2-gang connector was designed to assist in the 
standardization of radio and instrument assemblies so that such 
equipment might be interchanged between similar aircraft. It allows 
for compact design in close quarters with access from the front 
only. This type of application and variations of the fittings are 
shown at right. Any Cannon DPD insert may be placed within the 
shell, with or without tuning shaft, coax, twinax, large or small 
contacts, provided the separation forces of both halves are similar. 
This plug typifies the close attention to important detail that 
distinguishes every Cannon Plug—the world’s most extensive line. 
If you are looking for real value, regardless of the field you work 
in, your best bet is Cannon. 


CANNON 
ELECTRIC 


Since 1915 
CANNON ELECTRIC COMPANY 
LOS ANGELES 31, CALIFORNIA 





Connector is separated by turn- 
ing slotted shaft here. Complete 
unit may then be removed from 
pedestal, shown below. 













(Left) Same Cannon Plug without tuning 
shaft. Straight drive instead of 90° 
gear. (Right) Similar DPD2 with Dzus 
wing nut extraction method and junc- 
tion shells. There are several other vari- 











P.O. Box 75, Lincoin Heights Station, Los Angeles 31, California. 


ations. Write for details. 
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ee The 
AEl-Weather 
Resistors 


TYPE 65X 
(Actual Size) 





The resistors that give you... 
@ Inherent low noise level = 


—s 


® Good stability in all climates - 


STANDARD RANGE HIGH VALUE RANGE 

1,000 OHMS TO 9 MEGOHMS 10 TO 10,000,000 MEGOHMS 

These resistors are used extensively This unusual range of high value 
in commercial equipment, includ- _ resistors has been developed to 
ing radio, telephone, telegraph, meet the needs of scientific and 
sound pictures, television, etc. They industrial control, measuring and 
are also used in a variety of U.S. laboratory devices—and of high 
Navy equipment. voltage applications. 


SEND FOR BULLETIN 4906 Mtr be = 
It gives details of Standard and High Value Resistors, Fsistops 
including construction, characteristics, dimensions, . 
etc. Also described are S.S. White 80X Resistors, de-, Sie 3 
signed for extremely high voltage equipment. Copy 
with Price List sent on request. cn 
p) a 
THE INDUSTRIAL DIWISIOnN 
DENTAL MFC.CO. Dept. I, 10 East40thSt. __ 





NEW YORK 16, N. Y. 
WESTERN DISTRICT OFFICE: Times Building, Long Beach, Calif. 





what do you want in your valves 


AUTOMATIC CONTROL? 


for quick opening and shut-off by motor, air operator, air or 









hydraulic cylinder or positioning for any desired flow rate? You 
can get it with Rockwell Butterfly Valves. 


RESISTANT CONSTRUCTION? 


of cast iron and steel, stainless steel, bronze, Hastelloy, or rubber- 
lined to withstand chemical or abrasive action? You can hove it 
in Rockwell Butterfly Valves. 





DEPENDABLE OPERATION AT 
ANY TEMPERATURE OR PRESSURE? 


Rubber-lined steel, heavy duty 
valve for 90 p.s.i. — with air 
cylinder operator, clutch and 
auxiliary handwheel control. 


of air, gases, liquids and semi-solids at temperatures below freez- 
ing or as high as 1600°F, at pressures to 100 p.s.i.g. without 
clogging or breakdown? You can be sure —if you install Rockwell 
Butterfly Valves. Pipe sizes—1” to 4” threaded; 4” to 72” flanged 
or wafer type. 


Write for Catalog and the monthly “Valve News” 


ROCKWELL VALVES 


W. S. ROCKWELL CO. ¢« 264 Eliot St., Fairfield, Conn. 
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NEW INSTRUMENTS 

—$—$__ 

to 20 sec. Cycle is initiated ph 
closure. SPDT relay is operated af 
of interval. Relay contacts are rated 
115 v. 5 amp.—Timetrol Co., P.O Bu 
198, Rockford, Ill. — 
Mention No. 334 when filling out card, 





Target-angle Recorder 


New research instrument exposes 1) 
frames per sec. for two minutes to 
study aircraft flight-path and diving. 
angle variations. Camera is aimed 3 


‘ 





aircraft by gunsight. By use of cross- 
hairs, operator moves film-drive mech- 
anism and shutter assembly over grat- 
icule whose rulings and index numbers 
appear on finished pictures, which are 
analyzed to provide data. Recorder has 
provisions for t-v camera behind gun- 
sight—Beckman & Whitley, Inc., 930 
San Carlos Ave., San Carlos, Calif. 


Mention No. 335 when filling out card, 


Recording Galvanometer 


New “Model 8004” ink-writing gal- 
vanometer in conjunction with d-c. amp- 
lifier provides ink-record response of 
0 to 400 eps. with tolerance of 20 per- 
cent. Chart speeds are from 0.1 to 
625 mm./sec. Available with up to 24 
channels. Sensitivities are up to 2 mv. 
per mm.—Edin Co., Inc., 207 Main St, 
Worcester 8, Mass. 


Mention No. 336 when filling out card. 


R-f. Attenuator 


New “Series RF-550” r-f. attenuator 
has two units in series. Available with 
losses up to 100 db. in 1-db. steps. Units 
have zero insertion loss. Frequency 
range is from d.c. to 225 Mc. Standard 

















: sapadances are 50 and 73 ohms.— 
if Co. 191 Central Ave., Newark, 
N.d. 
l by Contae: : Mention No. 337 when filling out card. 
rated at eng 
ATE rated x 
“H] —avtorm Reivers RECORDING EQUIPMENT 
z out w “Model AR-1” airborne recciver 
Big is Teabe  onseneenigg superheterodyne 
ast receiver. Frequency range is 
inoatra0 ke.; sensitivity is better than GENERAL PURPOSE— AC oper- 
order 5 microvolts ; i-f. frequency is 456 ke.; ated driver amplifiers; comprising 
4 wer is 0.625 amp. at 28 v. d.c. and three direct coupled push-pull 
minutes 2 [0050 amp. at 250 v. d.c-—Gertsch Prod- stages. . 
8 . . 

‘ar ts, Inc., Los Angeles, Calif. STRAIN GAGE— Modulated 
ind diving. Nels, 3 hen filli AMPLIFIERS carrier type for use with strain 
S ai Mention No. 338 when filling out card. 

med at gage and resistance thermometer 





Decade Scale 
Proportional Counter 


New “Model PC-3” counts alpha, beta, 
and gamma rays. Has rapid-reset six- 
digit register with coincidental reset 


and switch; automatic gas purge cycle. 
Maximum counting rate is 1,000,000 
c/m. Chambers accept sample up to 































elements; strain gage, differential 
transformer, and variable reluc- 
tance transducers. 


ONE-, TWO-, AND FOUR- 
CHANNEL. Permanent records 
produced by inkless, heated stylus 
on plastic coated paper in true 
rectangular coordinates. May be 
used in ANY position. Extremely 
rugged. 


of cross. | 225-in. dia.—N uclear Measurements | INTERCHANGEABILITY 
ive mech. J CrP, agonal il : SINGLE-CHANNEL Recording 
a - Mention No. 339 when filling out card. of Preamplifiers and Systems — comprising either a 
hich | Amplifiers permits General Purpose or Strain Gage 
Ich are Bs Amplifier in combination with a 
rder has Age Measurement recording of many one-channel Recorder Assembly. 
‘ind gun- Sy eet different types Standard paper speed at 25 
Ine., 930 New Libby Carbon-14 Age Determi- | mm/sec., slower speeds available. 
Calif. nation Machine” measures age of any of phenomena. hia atte a aS om, c0- 
it card, historical artifact between 1,000 and cording area. 
25,000 years old composed of organic | 
, 
a ges ; 
eter | PREAMPLIFIERS 
: £ TWO-CHANNEL Recording 
ing gal- System — Two channels operate 
-c. “id | independently of each other, but 
"00 7 0 | record simultaneously. Eight pa- 
0 per- | per speeds. Timing and coding. 
. . 9 Each channel 5 cm. recording 
a ian, width, 
fain St, | material. Apparatus consists of ring 
: : aggevanen anti-coincidence counters, 
card, “Libby Screen Wall Counter,” circuit 
containing separate voltage supplies for acienilings apenas qeatmane 
each set of counters, scale-of-two cir- Sygnany Up <> tear eeepomens 
cuit, and Veeder-Root register with OF GE TRA, NS He come 
anti-coincidence circuit.—Radiation elaine metnetees the swe 
enuator Counter Laboratories, Inc., 5122 W. Any of the recording channels systems Aad Eight peoet 
le with Grove ne. Skokie, Til. in the three —— at the eed. 2, 
. Units ; P right may include either a _ ° 
ae Mention No. 340 when filling out card. | strain Gage or General Purpose 
q' dard | Amplifier, or the latter in com- 
andar bination (in 2-, and 4-channel 


Gamma-ray Counter Tube 


New hydrogen-filled tubes detect 
gamma rays at counting rates of 500 
to 1000 counts per second, under all 
atmospheric conditions, and over long 
Periods of time. Outgassing technique 
eliminates effect of temperature varia- 
tion from minus 40 to plus 300 deg. 


systems) with either AC or DC 
Preamplifiers. For, any of the 
Amplifiers or Preamplifiers pro- 
vided for in a system may be 
quickly removed from its place 
in the system and as quickly 
replaced with an alternate 
type. 





SANBORN 


COMPANY 
CAMBRIDGE 39 


Write for completely de- 


F. Operating voltage is 1075 v.; pla- d 
scriptive, illustrated catalog. 


teau is 300 v. Dimensions are 3.25 x 


MASSACHUSETTS 
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MODEL 78FM 
86-108 mc 


Also Available For 
Other Frequency Ranges 


1 to 100,000 


MICROVOLTS 


Variable Output 


With Negligible Carrier Leakage The Model 78FM 


MANUFACTURERS OF 





, when used with 
Standard Signal a MODULATION: 400 cycle internal audio Measurements 
Seas oscillator. Deviation directly calibrated: 0 Model M-275 
FM pen Generators to 30 kc. and 0 to 300 kc. Can be modu- Converter pro- 
a Tube Voltmeters lated from external audio source. pe ae 
une Radio Noise 8 Field =| Audio fidelity is flat within 2 db from de to 19.7 ond 217 ne 
Strength Meters 15,000 cycles. Distortion less than 1% at Cuniar 
anes 75 ke. deviation. on Request 
Megacycle Meters 
Meters 





intermodulation 
TV & FM Test Equipment 


BOONTON 


NEW JERSEY 


(FREQUENCY MODULATED gsiCNA‘, 








MEASUREMENTS CORPORATION 





Pneumatic 
Weight 
Transmitters 





FOR LINEAR CONVERSION OF WEIGHT INTO 
POUNDS PER SQUARE INCH AIR PRESSURE 
A complete line of weight transmitters in single and multiple dia- 
phragm construction with load capacities up to 23,000 pounds per 
diaphragm. Pneumatic tare balance for any portion of the total load 
on all models. All moving parts are enclosed totally. Complete weigh- 
ing systems designed to your requirements. 


WRITE FOR CATALOG 


JOHN R. MONSELL 


Manufacturing Engineer 
Pitman, N. J. 
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NEW INSTRUMENTS 








1.25 inches. As only one gas is Used 
in filling, external quenching of jonizg. 
tion caused by gamma rays is used 
One-gas filling overcomes disadvantage 
of multiple-gas filling in which one 
molecule of quenching gas is destroyed 
each time a gamma ray is detected, 
Tubes are sold to users.—Instruments 
Inc., 122 N. Madison St., Tulsa 6, Okla, 


Mention No. 341 when filling out card, 


Radioactivity Survey Meter 


New “Raychronix Model D-3” port. 
able survey meter measures low-level 
alpha or beta contamination on flat 
or irregular surfaces; is calibrated 








u 


0-500, 2500, and 12,500 alpha counts 
per minute. Corresponding gamma ra- 
diation ranges are 0-0.7, 3.5, and 17.5 
mr./hr. Ionization chamber in bottom 
is used for table-top monitoring; ex- 
ternal probe contains chamber and pre- 
amplifier for checking irregular sur- 
faces. Drift in 8 hours is less than 10 
percent scale.—Radioactive Products, 
Inc., 443 W. Congress, Detroit 26, Mich. 


Mention No. 342 when filling out card. 


Radioactivity Meter 


New “Model AH-1 Gammometer” 
utilizes “Ohmart Cell” which detects 
radiation without high-voltage supply, 
and measures microcurie quantities. 
Maker’s line of “Gammometers” now 
extends from 0.1 microcurie to 10 milli- 
curies full scale, calibrated in terms of 
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: jodine-131, or cobalt-60.—The 
rvs Corp., 2351 Ferguson Rd., Cin- 
cinnati 38, Ohio. 

Mention No. 343 when filling out card. 


Beta Sources 


New sets of five beta-emitting cali- 
prated reference sources (made by 
Technical Operations Incorporated of 
Boston) comprise sources of: carbon- 
14, cobalt-60, thallium-204, bismuth- 
210 and protactinium-234. Beta ener- 
gies range from 0.155 to 2.8 Mev. By 
comparison with these sources, it is 
possible to make millicurie determina- 
tions of beta-emitting radioisotopes. 
Mounts and copper disks are provided 
for such determinations.—Atorzie In- 
strument Co., 84 Massachusetts Ave., 
Cambridge 39, Mass. 

Mention No. 344 when filling out card. 


Testing Machine 


New 350-lb.-capacity portable hy- 
draulic compression machine applies 
load to specimen by compressed air. 
Double proving ring assures accuracy 


in low range and obviates need of 
changing rings; when capacity of outer 
ring is reached, heavier inside ring is 
brought into action. Low-range sensi- 
tivity is 0.1 lb. Load can be released 
at any time. Light-weight air-storage 
tank is available where there is no 
regular air supply.—Labquip Corp., 
4520 W. North Ave., Chicago 39, IIl. 


Mention No. 345 when filling out card. 


Reticles 


New precision reticles contain lines 
as fine as 1 micron, with spacing as 
close as 5 microns. Manufacturing proc- 
ess uses microphotography. Reticles can 
be made in any size or shape. Average 
size for eyepiece reticles is 21 mm. 
circumference.— Instruments Div., 
United States Testing Co., Inc., 1415 
Park Ave., Hoboken, N. J. 


Mention No. 346 when filling out card. 


Projection Viewer 
New “Series 13000 Beattie Projection 
Viewer” for data reduction and analysis 
accommodates 35-mm. single-frame or 
double-frame film in rolls and 70-mm. 
film in rolls. Projector head revolves 
360 degrees to present image in cor- 















































As the result of several years of investigation and 
research, Lord engineers have developed successful 
techniques for bonding silicone to metal. This extends 
the advantages of bonded rubber into the wider tem- 
perature range from —100° to +S00°F. 

A number of Lord Vibration-Control Mountings are 
available with silicone elastomers, and new designs are 
being engineered to take full advantage of the properties 
of this new material. 

You can solve many product problems with Lord 
bonded-silicone parts which are used to isolate vibration 
and reduce operating noise, and protect parts from 
‘excessive stresses. 


The easiest way fo get the full story of the advan- 
tages of Lorp Bonpep SILICONES is fo write or call ... 








BURBANK, CALIFORNIA CHICAGO 11, ILLINOIS DALLAS, TEXAS 
Joe B. Hartley Robert T. Daily Bruce O. Todd 
George E. Behlmer Kenneth L. Hanson 1613 Tower Petroleum 
233 South Third Street Perry C. Goodspeed, Jr. Building 
po centee eee $20 K. Michigan Ave. PRospect 7996 
arleston Michigan 2-6010 NEW YORK 16, NEW YORK 


DAYTON 2, OHIO DETROIT 2, MICHIGAN Vincent Ellis 
W. Webster Dalton Everett C. Vallin Jack M. Weaver 
238 Lafayette Street 7310 Woodward Ave. 280 Madison Avenue 
Michigan 8871 TRinity 5-8239 MUrray Hill 5-4477 


PHILADELPHIA 7, PENNSYLVANIA sit ~~ ye 
George P. Harrington ‘aul E. Dailey 


7s Widener Building Pe 
TT 





LOcust 4-0147 2.2296 
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RELAYS aad TIME SWITCHES 


oy 


of Diamond 





vality 









Ruggedly constructed to exacting 
specifications that are carefully en- 






Open Type 













“Can” Type * 
With Plug-in gineered to provide ample safety fac- 
Tube Base tor .. . quality all the way through! 
A. C. or D.C. Automatic’s relays are not built to 
Midget Relays a price but to an unexcelled standard 
Dual Purpose of performance. That’s why they are 
Relays the choice of so many “big name’”’ 

Delayed manufacturers. 

“Make” or "Break We engineer and build a wide vari- 






Automatic 
Circuit Control 
“Current” and 

“Potential” Relays 


ety of stock model relays for practi- 
cally all applications. A staff of com- 
petent engineers will design and build 
relays to fit your requirements. 
Stock models or custom built, ev- 
ery relay we manufacture will deliver 
the same dependable performance 
that has made the ‘‘Diamond Seal’ 
line the choice of those who measure 
quality by performance. 
TIME SWITCHES — Equipped with 
Synchronous Self-Starting Motors 
and Silver Contacts. 


For any load, for every installation, 
look to Automatic for the finest in 
Time Switches and Interval Timers. 


WRITE FOR CATALOG 


POE NEGO. 


58 STATE STREET - MANKATO, MINN. 




















Such terms as hair-trigger, 5000 shots, 
jam-free, and easy to reload would seem 
to apply to some new deadly weapon or 
cereal premium rather than an electric 
stapler. However, the Bates Electric Sta- 
pler, powered by a compact Bodine motor, 
actually “shoots” staples into the paper 
when its edge touches the stapler’s hair- 
trigger electric switch. 

“After finishing the basic engineering 
work,” states the Bates Manufacturing Co., 
“we contacted several motor manufacturers 
and found that Bodine made a motor 
which was most suitable for our require- 
ments in that it was of the size we wanted, 
provided necessary power, had proper gear 
reduction, and was standard. Furthermore, 
Bodine was known to us as the best in the 
fractional horsepower motor field. The 
quality of these motors over the last 1!4 
years has proved to be consistently high 
from a performance and service stand- | 
point.” ; 

There are over 3500 standard Bodine 
motors. If you have a motor application 
problem, it will pay you to consult 
Bodine engineers. 


Bodine Electric Co., 2244 W. Ohio St., Chicago 12, Ill. ef 


THE POWER BEHIND THE LEADING PRODUCTS 
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NEW INSTRUMENTS 





rect attitude. Normal film motion js 
single-frame and can be effected at tw, 
frames per second. High-speed rewind. 
ing in either direction. Screen jg aj. 
justable for height and angle of view— 
Photographic Products, Inc., 6916 Rp. 
maine St., Hollywood 38, Calif. 


Mention No. 347 when filling out card, 


Refractometer 


New “Model WT-4” Abbe refracton. 
eter (Japanese-made) has range from 
1.3 to 1.7; temperature range from 
to 100 C.; takes liquid, solid, and 





powdered samples. Accessories: case, 
monobrome naphthaline, test piece, ther- 
mometer, screwdriver, and dispersion 
table. Max error is 0.0002 for n and 
0.0005 for average dispersion.—Electro- 
Physics Co., 287 Broadway, New York 
Oe Pas a 

Mention No. 348 when filling out card. 


Stroboscope 


New “Kern Super-Stroboscope” 
(Swiss-made) permits observing and 
photographing periodic and aperiodic 
phenomena. Light from object is di- 











fixed mirror onto a mirror 
NTS reed ected to spindle which drives 
———__ & At proper speed ratio of drum slit, 
troboscopic images appear side by side 
a drum mirror. Greatest degree of 
subdivision is 4000 images per second. 
B stopping mirror drum, instrument 
boomes simple stroboscope. Motor 
| speed is adjustable; speed is indicated 
! on scale. Transmission ratio between 
1:45 and 1:90 also is shown on scale. 
Instrument can be fitted for optical 
magnification and photography.—Lov- 
ing Engineering Co., 82038 Cedar St., 
Silver Spring, Md. 
Mention No. 349 when filling out card. 


Pressure Transmitter 


New electromechanical instrument 
‘ yses differential-transformer principle. 
Motion jg Tip of Bourdon tube is rigidly connected 
ted at two to movable armature in transformer 
ed rewind. 
en is ad. 
of view,— 
6916 Ro. 
f. 


ut card, 


efractom. 
inge from 
e from 0 
olid, and 





cil. Pressure causes motion of arma- 
ture and electric signal is generated 
proportional to amount of travel. Ac- 
curacy in standard ranges from 15 to 
5000 psi. is 0.25 percent of full range. 
Bourdon tubes are “K” Monel.—Auto- 
matic Temperature Control Co., Inc., 
5200 Pulaski Ave., Philadelphia 44, 
Penna. 
Mention No. 350 when filling out card. 








Viele pternill 


PULSAFEEDER 





Tube Bender 


New “No. 362-F” combination tube 
bender bends both % in. and % in. 
0.D. copper, aluminum, brass, and other 
soft, thin-wall metal tubing; is of two- 














No packing or other leak-likely gland can 
be in contact with chemical being handled 
by the Lapp Pulsafeeder. A hydravlically- 
balanced diaphragm acts as a floating par- 


$3 Case, 
ce, ther- tition, without mechanical load or pressure 
agen differential—assures isolation of chemicals 
Electro- being pumped from all working pump parts 
w York Pumps against pressures to 2,000 Ibs., at 
constant pumping speed—variable flow for 
card, continuous processing results from variation 
in piston-stroke length-controlled by instru- 
ment air pressure responding to any instru- 
ment-measurable processing variable. 
scope” 
ig and 
eriodic | Piece construction and quickly comes WRITE FOR NEW BULLETIN No. 300, just 
is di- apart to slip over tube at point where issued. 24 pages of description, speci- 





bend is needed.—The Imperial Brass 
Mfg. Co., 1200 W. Harrison St., Chi- 
cago 7, Ill. 


Mention No. 351 when filling out card. 


Film-casting Knife 


New casting knife is for applying 
uniform coating of film on plane sur- 
faces, Consists of blade controlled by 
two micrometers, with well for holding 











DISCHARGE STROKE 


fications, typical applications, flow charis. 
Inquiry Data Sheet included from which 
we can make specific engineering recom- 
mendation for your prowessing require- 
ment. Write Lapp Insulator Co., Inc., 
Process Equipment Division, 569 Maple 
Street, Le Roy, N. Y. 
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ComypeetsE 


—for Operating Instruments! 


Model B-30 
HAN KISON 


Condensifilter 


For maximum protection of air-operated 
instruments against oil, water, sludge 
and foreign materials, the New Hankison 
Model B-30 Condensifilter features a 
dehydrating device—a mechanical filter 
—and a self-purging trap in a single 
compact unit. Only 15” high and 9” in 
diameter, this unit will clean and dry 
compressed air at the rate of 30 c.f.m. 
at 100 psi. Larger models available for 
greater capacities. 

To add long life and trouble-free serv- 
ice to your air-operated instruments— 
specify B-30 Condensifilters for your 
requirements. 


Write today for Bulletin B-30. 





the inst 


el, on 
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HANKISON Corporation 


291 Renton Bidg., 1501 Beaver Ave. 
Pittsburgh 33, Pa. 





py 
etl 


Suppliers to GOVERNMENT 
and INDUSTRY for 75 Years... 


}. Bendix Friez is part of a great indus- 
' trial organization whose peace -time 
A ke potential is being maintained while 
engaged in vital work for national defense. We 
are doing our utmost to deliver non-military 
items such as meteorological instruments, elec- 
tronic devices, thermistors and a variety of 
other equipment consistent with our 

other high priority business. 





A 


We invite your inquiries . . . write Dept. F. 


FRIEZ INSTRUMENT DIVISION of 
1324 Taylor Avenue * Baltimore 4, Maryland 


Export Sales: Bendix International Division, 72 Fifth Ave., W. Y. 11, N.Y. 
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NEW INSTRUMENTS 








paint, plastic, or other coating materia] 
—Gardner Laboratory, Inc., Bethesd 
14, Md. 


Mention No. 352 when filling out card, 


Refrigeration Bath 


New “Frigistat” bath is designed fo 
A.S.T.M. Method D97 (cloud and pou 
test). Although manually operated, it 
can be maintained within 2 deg, fF. 




















Seven-unit test chamber and dry-ice 
chamber are well insulated. Cooling 
medium is circulated in test chamber 
through coils which do not allow inter- 


| change of fluid between chambers. Over- 


all dimensions: 24.5 by 13 by 18 in— 


| Precision Scientific Co., 3737 W. Cort- 


land St., Chicago 47, Ill. 
Mention No. 353 when filling out card. 


Three-speed Stirrer 


New “Mighty Midget” is 300, 600, 
and 900 rpm. stirrer with 1/16-hp. 
series-wound motor. Bracket permits 
mounting in any position. In normal po- 
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‘ah Precision OpTicaL COMPO- 

- nents Any Size For 
Astronomical and Physical 


Research 
e 


Parabolic, Spherical, Ellipsoidal 
and Plane Mirrors 
e 


Piane Parallel PLaTEs 
e 


ScHLIEREN SYSTEMS 
e 


Interferometer PLATES 
e 


Lenses and Prisms of Glass 
e 


Natural or Synthetic CrYsTALS 
e 


Complete Uptical and Mechanical 
INSTRUMENTS 


td 

Made to Specifications 
e 

High Vacuum Coating 


John Unertl Optical Co. 


3551-3555 East Street 
Pittsburgh 14, Penna. 











IMERCULES 


| Reg. U.S. Pat. Off. 


| STEEL TYPE 
'HOLDERS | 
| 

| 

| 


« 
| 
! 
| 
| 
| 
| 
| 





for interchangeable numbering | 


in a straight line. Makes serial or} 
random numbering easy. 


A 
fe 


*To use — just 
press thumb- 
_ clip, insert | 
S ‘‘Heavy - Duty” 
me Shoulder- Style 
"Steel Type, 
E y, hold over posi- 
| ORES: eke aa tion and hit] 


4 ‘ ee with a ham-| 
= mer. | 
- saad ! 

, I 
jFurnished with round shank for | 
[press use also. Other models avail- | 
lable for marking convexed orl 
lconcaved surfaces—with standard | 
lype 
| Weite for latest literature and price lists. 


OY, 









» call 
|311 MORRELL ST. ert Ka 


Be ELIZABETH 4, NEW JERSEY 
) ‘The Original Marking Specialists’’ 45 


IU ike cash Gage Sas @orenen aca oh as mas em aes wah a 





sition, center of gravity is below sup- 
port rod to prevent accidental turnovers 
and breakage of beakers.—Laboratory 
Industries, Inc., 4710 W. North Ave., 
Chicago 39, Jil. 


Mention No. 354 when filling out card. 


Cantilever-beam Load Cell 


New instrument for changing me- 
chanical force into proportional elec- 
trical signal operates on cantilever- 
beam principle. Motion of beam moves 





armature in linear transducer. Up to 
four cells can be connected mechanical- 
ly to a single platform for scale appli- 
cations. Accuracy is % percent full 
range. Available in ranges from 5 to 
500 lbs.—Automatic Temperature Con- 
trol Co., Inc., 5200 Pulaski Ave., Phila- 
delphia 44, Penna. 


Mention No. 355 when filling out card. 


Toroidal-core Transformer 


New “Type 942-A” output trans- 
former provides eighteen impedance ra- 
tios. Tight coupling permits feedback 
with low phase shift. At continuous 





power of 90 watts, transformer dis- 


tortion is 1 percent or less above 30 | 


cps. Upper frequency limit is between 
50 and 100 ke. depending on connections 
used.—General Radio Co., 275 Massa- 
chusetts Ave., Cambridge 39, Mass. 


Mention No. 356 when filling out card. 


Instrument Rectifiers 


New “Minisel” instrument rectifiers, 
said to be first made with selenium rec- 
tifier cells, have high blocking resist- 
ance, low conducting resistance, and 
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Consult Crawford a 
Tube Fitting Specialists—And Get The 





Try to stump us! For “specials” 
send your tube fitting problems 
to us and let our engineers de- 
sign a Swagelock Special that 
will do the job. Ask for FREE 
catalog. Dept. 12. 


* Patented 


CRAWFORD FITTING CO. 
884 E. 140th Street, Cleveland 10, Ohio 





SWAGELOK FITTINGS AVAILABLE IN: BRASS, 
ALUMINUM, STEEL, STAINLESS STEEL, MONEL 


% os eS) Np 


Qe ~ 
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COME TO YOU COMPLETELY ASSEMBLED, 
FINGER TIGHT 
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Remember 


STEINEN 


Mass Produces 


IN 
PRODUCTs : 





¢ To Your Order 
© To Close Tolerances | 
¢ To Cut Costs 


STEINEN offers 


1-High Speed, Automatic 
Screw Machines... 
Multiple & Single Spindle 


2-High Speed Power 
Presses * Forming Presses; 
Welding, Brazing 
and Assembly Equipment 


3-Complete Secondary 
Operation Facilities 


4-Skill & ““Know-How” of 
Trained Personnel 


During the last war Steinen produced, and 
today Steinen is producing in larger volume 
than ever before—parts, sub- and complete 
assemblies for many of the leading manu- 
facturers of aircraft, automotive, electronic, 
clectrical, h hold appliances, instru- 
ments, machinery and metal products, oil 
burner nozzles and components, toys and 
novelties. You, too, can depend on their 
judgment as to Steinen quality, production 
economy and service. 





We invite your inquiries, whether for a 
hundred, a th d or a million units. 





Quality Products 


MFG. CO. 


wn, STEINEN 


k 5, New Jersey 


45 Bruen Street 


NEW INSTRUMENTS 





long life. Available in half-wave, center- 
tap, doubler, and bridge arrangements. 
Cells are rated at 10 v. a-c. input and 
5-ma. d-c. output.—Electronic Devices, 
Inc., Precision Rectifier Div., 429 12th 
St., Brooklyn, N. Y. 


Mention No. 357 when filling out card. 


Selenium Rectifiers 


New line of hermetically-sealed se- 
lenium rectifiers in metal cases filled 
with inert gas have standard tube ter- 
minals to fit standard sockets. All 








standard tube mountings available. 
Unit illustrated (No. W15CM) is rated 
at 390 volts rms. input; 550 volts peak 
inverse; 120 ma. 160 volts d-c. output 
at 35 deg. C. ambient. Half-wave and 
bridge circuits also available.—Inter- 
national Rectifier Corp., 1521 E. Grand 
Ave., El Segundo, Calif. 


Mention No. 358 when filling out card. 


Oscillograph Tube 


New “7MP14” is 7-inch cathode-ray 
tube of magnetic-deflection and magnet- 
ic-focus type with medium-long-per- 
sistence, cascade (two-layer) screen. 





874 


Intended for oscillographic applications, 
such as radar indicator service, where 
grid 1 is pulse modulated. Can be oper- 
ated with scanning frequencies as low 
as 30 eps. without excessive flicker.— 
Tube Dept., Radio Corp. of America, 
Harrison, N. J. 


Mention No. 359 when filling out card. 


Displacement Pickups 


New “Series 211 Displacement Trans- 
ducers” (rectilinear potentiometer re- 
sistors) are available in strokes from 
0.2 in. to 5.75 in., with resistance val- 
ues from 100 to 15,000 ohms per inch 
of stroke. For strokes up to 0.75 in., 
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High pressure or low, there is g 
Giannini precision pressure transmitter 
that meets your requirements for remote 
indication, recording or control. 
From less than 1 up to 10,000 psi, with 
various types of resistance and inductive 
output values, Giannini precision pres. 
sure transmitters are designed to with- 
stand extremes of acceleration, tempera. 
ture, vibration, while at the same time 
retaining their accuracy and their fast 
response characteristics.'‘They are stand. 
ard with the Leaders." Write for booklet, 
G. M. Giannini & Co., Inc., Pasadena 1, Colifornig 
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spring-returned shafts are available, 





RAWSON 
ELECTROSTATIC 
VOLTMETERS 


Type 518 





Available ranges 100 volts 
to 35,000 volts 
Measure true R.M.S. values on A.C., no 
waveform or frequency errors. 


NO POWER CONSUMPTION 
Leakage resistance greater than one million 
megohms. These meters may be used to 


ineasure STATIC ELECTRICITY! 


Ideal for measuring high voltage power 
supplies with zero current drain. Rugged, 
well-damped movement. All elements sur- 
rounded by metal shielding for accuracy 
and safety. 


Write for bulletin. 


RAWSON ELECTRICAL 
INSTRUMENT COMPANY 
112 Potter St. Cambridge, Mass. 
Representatives 
Chicago ¢* Los Angeles 
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threaded shafts being offered on all 
stroke lengths. Simple rugged construc- 
tin assures long life. Linearity is 0.5 
percent or better on units having 
strokes of 0.75 in. or more.—Colvin 
Laboratories, 12 Court St., Morristown, 
N. d. 
Mention No. 360 when filling out card. 


Subminiature Sockets 


New subminiature tube sockets mount 
without screws or rivets in shaped chas- 
sis holes. Material is “Mycalex 410.” 
Available with cadmium-plated brass 








contact terminals or silver-plated beryl- 


| lum copper terminals (others on spe- 


cial order).—Mycalex Tube Socket 
Corp., 30 Rockefeller Plaza, New York 
20, N. Y. 


Mention No. 361 when filling out card. 


Miniature Thermostat 


New miniature adjustable metal-en- 
closed thermostat has a temperature 
range from minus 50 to plus 350 deg. 
F. and is adjustable plus or minus 60 
deg. F. from factory setting. Stability 


 ——————— 

| enn eae Oy7.* ig 

is achieved by use of ceramic bushing 
to anchor bimetal and by separate 
phosphor-bronze spring to prevent bi- 
metal from taking a set or becoming 
overstressed. Contacts are rated at 
1 amp., 115 v. a.c. or 0.5 amp., 115 v. 
d.c, Shell length is 1.25 in.; diam. is 
0.31 in—Instrument Div., Thomas A. 
Edison, Inc., West Orange, N. J. 
Mention No. 362 when filling out card. 


Sensitive Relay 


New “Type N” relay operates on less 
than 50 milliwatts with 10,000-ohm coil 
and one SPDT contact. With 450-ohm 
coil and four 4PDT contacts, it operates 








WRITE FOR 
CATALOG 











Regardless of the in- 


tricacies of an application, 







you can depend on 
prompt and thorough 





evaluation by experienced 





engineers of The A. W. 






Haydon Company. 







From problem statement 





through quantity pro- 






duction, the specialized 
know-how of The A. W. 
Haydon Company is de- 









voted to expeditiously 






fulfilling your requirements. 














Lhe 


‘\.WW-MAYDON 


228 NORTH ELM STREET 
WATERBURY 20, CONNECTICUT 
Design and Manufacture of Electrical Timing Devices 








In case of accident, the 
simple screw adjustment 
permits quick, easy, on- 
the-job recalibration. 


DON’T DROP IT! BUT IF YOU DO... 


ROCHESTER DIAL THERMOMETERS 
are built to take severe blows with- 
out damage to their sensitive move- 
ments. But when hit hard enough to 
knock them out of adjustment, all 
you need is a screwdriver to put 
them right back on the job—as ac- 
curate as ever. This unique Roches- 
ter recalibration feature eliminates 
the danger of costly production er- 
rors due to inaccurate readings. 






THERMOMETERS 


Manufacturing Company, Inc. 
85 Rockwood St., Rochester 10, N. Y. 































Recheste, 


THERMOMETER 






WELDED STAINLESS STEEL construc- 
tion makes Rochester thermometers 
more durable, sensitive, pressure 
tight and resistant to corrosion than 
any before offered. Backed by 35 
years of instrument making exper- 
ience. 


ORDER TODAY from your Roches- 
ter Representative, or write for fur- 
ther details. Rochester Manufactur- 
ing Co., Inc., 85 Rockwood Street, 
Rochester 10, N. Y. ° 









Bra 






AMMETERS 
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FREEZING 
AND BREAKAGE 
REDUCE 
MAINTENANCE 
_..without insulating 

or wrapping with 
tubing 








OU'LL lick your cold weather 


gage problems and cut 
maintenance hours and costs way 
down . . . when you install Jergu- 
son Heated Gages. You eliminate 
gage freezing and breakage, or you 
can speed up the flow of heavy, 
sluggish liquids with these 
gages. 
You don’t need to insulate, or wrap 
the gages with tubing, for these 
modern Jerguson Heated Gages are 
a completely fabricated unit with 
built-in steam tracing. 


Jerguson Heated Gages are built in 
both internal tube (illustrated) and 
external tube models . . . in either 
reflex or transparent gages. They 
are available for the pressures you 
require, in a multitude of sizes, with 
tapped, flanged, welding socket or 
other connections. 

Jerguson Steam Jacketed Angle 
Valves, #93 (and #93-U for close 
hook-ups), used with these heated 
gages, are available with ball check 
when required. 

Both the gages and valves are avail- 
able in special materials. 


Write us about your prob- 
lems. Send for new Data 


on Heated Gages. 





Gages and Valves for the 
« Observation of Liquids and Levels 
JERGUSON GAGE & VALVE COMPANY 
100 Felisway, Somerville 45, Mass. 
Representatives in Mejor Cities 
Phone Listed Under JERGUSON 
Jerguson Tress Gage & Valve Co. Lid., Londen, Eng. 
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on 0.7 watt. Sensitivity results from 
close-coupled magnetic circuit. Contact 
pressure is above 30 gm. Relays are 
compact and have maximum of ten con- 
tact springs. Can be hermetically sealed. 
—C. P. Clare & Co., 4719 W. Sunny- 
side Ave., Chicago 30, IIl. 
Mention No. 363 when filling out card. 


Three-wire Relay 


New “Model EM-10” mercury plunger 
relay has three-wire operation. When 


\ 
Yj A ; RO} 





contact is made, input line connects to 
two isolated circuits. Loads to 35 amp. 
at 115 volts a.c. or 25 amp. at 220 volts 
d.c. can be handled.—Ebert Electronics 
Co., 185-09 Jamaica Ave., Hollis, Long 
Island, N. Y. 


Mention No. 364 when filling out card. 


Saturable Transformers 


New line of saturable transformers 
meets military specifications. Power out- 
put is phase-reversible a.c. with output 





of one watt to one kilowatt, both 60 and 
400 cps. Open type and hermetically 
sealed units available-—Magnetic Am- 
plifiers, Inc., 11-54 44th Dr., Long Is- 
land City 1, N. Y. 

Mention No. 365 when filling out card. 
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AMTHOR Dead Weigh; 
Pressure Gauge TESTEp 





Modern design and construction puts 
this rugged precision instrument in a 
grade above the ordinary dead-weight 
testers. 


Made in 14 ranges, to 10,000 Ibs. maxi. 
mum. 


We guarantee 1/10 of 1 percent accu. 
racy in each range. 


The Type 452 is designed for simplicity 
and compactness. It incorporates the 
newest refinements and improvements, 
Adapters and tools are supplied, as well 
as either carrying case or protecting 
cover. 
Immediate and intelligent at- 
tention will be given to your 
inquiries on all industrial 
speed measurement prod 


Drop us a line today. 
Amthor 


Testing Instrument Co., Inc. 
49a Van Sinderen Ave. Brooklyn, N.Y. 








For purge systems, liquid level and 
specific gravity measurements. 


Maintains constant purge rate regard- 
less of down stream pressure changes 
@ Supplied with fixed flow rate ori- 
fice @ Eliminates supply pressure reg- 
ulator @ Pressure rating 600 P.S.I. 
@ Supplied with differential indicator 
@ Standard flow rates available .5-1- 
2-5-25-50 S. C. F. H. 


Write for Illustrated Bulletin. 


INSTRUMENTS, INC. 


122. N. Madison Tulsa 6, Okla 
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wanted af once 


LONG-RANGE MILITARY 
AIRCRAFT PROGRAM 


by 


NORTH AMERICAN 
AVIATION, INC. 


Los Angeles, California 


Unusual opportunities for Aerody- 
namicists, Stress Engineers, Aircraft 
Designers and Draftsmen, and special- 
ists in all phases of aircraft engineer- 
ing. Engineering skills other than air- 
craft may be adaptable through paid 
training program. Also openings for 


Recent Engineering College 
and Technological Graduates 


Long-range military program offers 
fine chance for establishing career 
in aircraft while aiding defense effort. 
Transportation and established train- 
ing time paid. Salaries commensurate 
with experience and ability. 


Please include summary of 
educafion and experience in 


reply fo: 
Engineering Personnel Office 


Section 9 


NORTH AMERICAN 
AVIATION, INC. 


Los Angeles International Airport 
Los Angeles 45, Calif. 
or 
Columbus 16, Ohio 

















A COMPLETE LINE OF 










THERMOCOUPLE TYPE PRECISION p» 
COMBUSTIBLE GAS ALARM SYSTEM 
Tube Sampling —Indicating or Recording 
Protects 4 to 8 danger spots with one 
installation! Specified where explosive con- 
centrations do not reach critical levels 


‘ rapidly. Details in our Bulletin 11-86TS. 
. 


RECORDING THERMOCOUPLE TYPE ca 
PRECISION COMBUSTIBLE GAS 
ALARM SYSTEM 


A_ packaged unit for the protection of 
processes, plants, personnel. A new, more 
accurate principle of gas analysis. Improved ~~~ ~~~. 
zero. stability. ‘“Fail-Safe” construction. 
Write for bulletin No. 11-86. 


~ 
vA 


oer =m 
- -e. 


Alse— Gas Analysis lastruments Utilizing The 
Principles of Thermal and Electre Conductivity 


Our engineers will be glad 
to serve you. 










INSTRUMENT 


OVS 


DIVISION 


DAVIS EMERGENCY EQUIPMENT CO., INC. 


80 HALLECK ST. NEWARK 4, N. J. 





E 


SLIDES 


4 for Consoles © Chassis © Racks 






















GRANT manufactures standard slides to carry 
from 25 pounds to 2000 pounds for your every 
requirement. 


GRANT No. 392 Electronic Equipment Slide—Three section, 
progressive action type slide which locks in open position. 
Slide includes mechanism for unlocking from outside of chassis 
and for tilting ‘to 90° angle. Mechanisms vary to suit the in- 
dividual installation. This slide has been adapted to the stand- 
ard 19’ rack. Load capacity: 100 Ibs. per pair depending on 
length of slide and travel. 


Other outstanding advantages: 
@ Continuous ball bearing action 
© Closely fitted sides eliminate chassis rattle 










GRANT also manufactures: 

© Single or double acting slides 
© Side or undercarriage mounting 
@ Slides with locking and pivoting 








Consult with our engineering department on any slide problem. 
(Write Aviation Equipment Division for complete illustrated information) 


GRANT PULLEY & HARDWARE CO. 


31-93 Whitestone Parkway, Flushing, L.1., N.Y. 


Vhe foremost uname cn Skiding Deuices 
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4 TEL-O-SET CONTROLLER 


Available in adjustable and fixed 
proportional band models, and 
with three control forms. . . for 
flow, temperature, pressure, 
level and other process vari- 
ables. Universal bracket per- 
mits optimum flexibility in 
mounting . . . coded, inter- 
changeable sections and split 
manifold contribute to simpli- 
fied maintenance. Write for 
Specification Sheet No. 768. 





» ~ 
TEL-O-SET RECORDER 


Features withdrawal of chassis 
for full 8-hour chart visibility 
without interrupting operations, 
bumpless shifting from auto- 
matic to manual operation, all 
adjustments from front of panel, 
built-in adjustable restrictions 
for pulsating flow . . . requires 
panel space just 5%," high by 
5” wide. Write for Specification 
Sheet No. 769. 











5 CUT-OUT RELAY 
MEASURED VARIABLE 
[LSet Pont 


[| CONTROLLED AIR PRESSURE 

























































































TEL-O-SET A 
RECORDER TEL-O-SET FLOW: 
(OR INDICATOR) CONTI 
AIR aa. 
SUPPLY 


TEL-O-SET INDICATOR 


CONTROLLED Can be used with any pneumatic 

valve —“%S transmitter, having a 3-15 psi 
controlled air output, regardless 
of the primary element being 
used. Provides indication of 
process variable, set-point of 
controller or controlled air pres- 
sure to valve when on automatic 




















DIFFERENTIAL VALVE 
CONVERTER . 

















ther control . . . is easily shifted to 
manual operation. Panel cut-out 
TYPICAL ENGINEERED TEL-O-SET CONTROL SYSTEM —Pictured in this diagram size same as recorder. Write for 


are the elements of the Tel-O-Set Family, designed and built as an integrated loop. Specification Sheet No. 770. 


Here the system is applied to the control of flow with the Differential Converter 
used as transmitter. 
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a, pace-setting pneumatic control 
system is ready for application to a host 
of processes demanding a new high in 
speed, precision and accuracy . . . for 
almost any process variable. Developed 
as part of a family relationship, each 
unit complements the others in produc- 
ing a system of superior performance. 


Used with any one of a group of Honey- 
well measuring elements . . . for flow, 
temperature, pressure, liquid level, etc. 
... the Tel-O-Set system is destined to 





make important contributions to the 
improvement of process control through- 
out industry. 


For more detailed information, send for 
the literature mentioned in the descrip- 
tions at left . . . or call in our local engi- 
neering representative for a discussion 
of your process control problems. 


MINNEAPOLIS-HONEYWELL REGULATOR 
Co., Industrial Division, 4482 Wayne 
Ave., Philadelphia 44, Pa. 


Honeywell 


BROWN INSTRUMENTS 


Fiat ue Couitiols. 





© Inportanr Reference Data 


Write today for copies of new brochures. . . “Tomorrow Is Today” and "Centralized Instrumentation, Unlimited.” 
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Pool of clean mercury shows perfect refiect- 
ing surface; adding a tiny particle of lead- 
zine alloy (contamination of 4 to 5 parts in 
a million) causes contamination shown below. 


metals have been refined to the 

purest state, he probably would re- 
ply that laboratory specimens of iron 
have been produced with impurities of 
only one or two hundredths of one per- 
cent, that copper has been refined even 
further, that “four nine” zine (99.99 
percent pure) is sold commercially, and 
that “five nine” zinc is obtainable. It 
is likely that he would overlook the 
purest metal of all—mercury. 

Whereas “five nine” zinc, with only 
one part impurity in a million, repre- 
sents the highest grade for that metal, 
this figure represents the poorest that 
can be regarded as high grade for mer- 
cury. Moreover, whereas high-purity 
iron, copper, and zinc are required for 
only exceptional purposes, the opposite 
is true of mercury. As sold commer- 
cially it is undoubtedly the purest 
known substance; to render it suitable 
for many important uses it must be 
purified still further. For certain ap- 
plications the impurity must not ex- 
ceed a few parts in a billion. And in 
contrast with other metals which can 
be analyzed only by chemical methods, 
the purity of mercury can be judged 
closely merely by visual inspection—to 
as close as one or two parts in ten 
million.! 


I: a metallurgist were asked which 


PRIME VIRGIN 


The appearance of mercury as it is 
poured from the customary iron flask— 
covered with iron rust, greasy sulphide 
(“stupp”), and dirty water—suggests 
a crude product; but this is far from 
true. Beneath the surface, mercury is 
likely to be entirely clean, especially if 
it has come from sources where the ore 
is free of contaminating metals. The 
current increase in price has caused 
the opening of many new mines, some 
with ore containing lead, cadmium, and 
zinc. As the extraction process consists 
simply of roasting the sulphide ore 
(cinnabar) in air and condensing the 
mercury vapor, any easily volatilized 
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MERCURY 


The Purest Metal 


By J. B. LAWRENCE, 
Bethlehem Apparatus Co. 


When is mercury clean? How is mercury cleaned? Why 
does skin reform on “clean” mercury? Herein are the 
answers to these common-and important questions, 


metals are carried over and foul the 
product. The term “Prime Virgin,” 
which is applied to the metal shipped 
from the mines, does not refer to the 
purity. One large manufacturer of flow- 
meters found cadmium contamination 
as high as 0.1 percent. Such a tre- 
mendous amount of impurity rendered 
the product unfit for use. 


SURFACE TENSION 


Mercury has high surface tension. 
This is why a droplet of mercury main- 
tains a spherical shape. When mer- 
cury is in contact with nonmetallic 
materials, the surface tension is high 
enough to cause the mercury to pull 
away from the material and try to 
form a sphere. Hence mercury does 
not “wet” nonmetallic materials, but 
forms a convex meniscus when in con- 
tact with them. 

Dust and dirt adhere tenaciously to 
the surface of mercury. A _ surface 
layer of dust and dirt can prevent drop- 
lets from joining together into a pool. 
However, dust does not interfere with 
the tendency of a mercury drop to 
form a sphere, as does oxide skin. 


OXIDE SKIN 


Although mercury is obtainable in 
a pure state, contamination is difficult 
to avoid. Base metals such as lead, tin, 
zinc, and cadmium dissolve readily in 
mercury; copper and aluminum also 
dissolve, although more slowly. These 
metals form oxide skins on the surface, 
destroying mercury’s bright appearance 
and causing it to “tail” and stick to 
glass (Fig. 1). 

When base metals are dissolved in 
mercury, the oxides of the dissolved 
metals stick to any surface and cause 
dirty rings to form. The mercury then 
wets the walls of vessels because its 
surface tension is lowered. This can 
be seen by comparing drops of clean 
and dirty mercury. The former are 
bright and stand up in spherical form, 
whereas the latter are dull and lie flat 


and lifeless. If an oxide skin is re. 
moved by skimming, it reforms because 
the atoms of the base metal oxidize as 
they reach the surface. This experi- 
ment can be repeated indefinitely. 

Strangely enough, the types of im- 
purities and the characteristics of pure 
mercury are not wel! understeed by 
people who work with the metal. For 
example, the question often is asked: 
“How long does it take for the oxide 
skin to form on the mercury?” The 
answer is that pure mercury does not 
form an oxide skin at all, regardless 
of how long it is stored. A curious mis- 
conception of this fact is found in rec- 
ommendations frequently given on the 
use of the McLeod gage. It is stated 
that the air used for raising and lower- 
ing column should be dried by insert- 
ing in the line a series of drying tubes, 
or that nitrogen should be substituted 
for air—all for the purpose of prevent- 
ing the lower bulb from being covered 
with a layer of “crut.”’ These recom- 
mendations are useless because if base 
metals are present in the mercury, such 
precautions are ineffective; if the mer- 
cury is pure, as it should be, they are 
superfluous. 


PuRITY TESTS 


Many buyers of mercury, aware that 





Fig. 1. The “Swirl Test” for mercury; base 
metal contamination causes “tailing” as shown. 
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only the cleanest mercury is suitable 
for instrument use, have relied on three 
standard tests—the American Dental 
Association (A.D.A.), the United States 
Pharmacopeia, (U.S.P.), and the Amer- 
ican Chemical Society (A.C.S.). 

The U.S.P.? directs that 5 grams of 
mercury, 5 ¢.c. of nitric acid, and 3 c.c. 
of water be evaporated on a water bath 
and the residue ignited and weighed. 
The weight must be less than 0.01 per- 
cent of the mercury weight. The 
AD.AS’ chemical specification directs 
that a weight of from 10 to 15 grams 
be evaporated in air and then ignited. 
The residue must be less than 0.02 
percent. 

Experience demonstrates that these 
tests, although applicable to mercury 
as a chemical reagent, fall short when 
ysed as a means of determining its 
suitability for instrumentation. This 
can be verified by adding the minimum 
percentage of lead, tin, solder, or sim- 
ilar metal to pure mercury. When the 
contaminating metal is dissolved in the 
mercury, the mirror-like surface dis- 
appears and is replaced by a wrinkled 
skin which sticks to the receptacle and 
turns black on the surface. 

A fourth test sometimes employed 
is the spectrochemical test. The spec- 
troscope is regarded by many as the 
most delicate detector of minute traces 
of elements. However, mercury that 
is “spectrochemically pure” can contain 
damaging amounts of contaminating 
metals. 

A test recommended by Dr. Wichers’, 
which is far better than those men- 
tioned previously, is in general use for 
special applications, as in thermome- 
ters. This test consists merely of plac- 
ing a globule of mercury in a clean 
porcelain dish and gently swirling it 
around (Fig. 1). If it runs freely, with- 
out leaving any tail, it has the neces- 
sary purity. The A.C.S. test4 for base 
metals is similar. Ten to twenty grams 
of mercury are evaporated on a hot 
plate without boiling, during which op- 
eration the mercury must retain its 
bright surface and not develop any film 
or scum. The accuracy of these tests 
far exceeds the chemical methods, being 
sensitive to as little as one or two parts 
in ten million. They cannot, of course, 
detect the presence of noble metals, 
which do not cause fouling of the mer- 

cury. The only other test exceeding 
the Wichers and A.C.S. tests in ac- 
curacy is an electrical method5, appli- 
cable only to zinc, which is said to de- 
tect one part in ten billion. 


PROPERTIES 


There are many properties of mer- 
cury which make it valuable. It is liquid 
from minus 38.9 deg. C. to plus 357 
deg. C., within which range exist cus- 
tomary laboratory temperatures. It is 
a noble metal in that it is not oxidized 
by air or oxygen at room temperature. 
Its density is high—about 13.5—and 
its vapor pressure is low—less than 
two microns at room temperature. A 
most useful property is its insolubility 
for most gases, an unusual character- 


istic because many other metals in liq- 
uid state absorb large quantities of gas. 
For example, liquid iron absorbs hy- 
drogen, copper absorbs oxygen, etc. A 
spectacular proof of the insolubility of 
gases in mercury is that some Bureau 
of Standard’s barometers possessed the 
same accuracy as new barometers after 
25 years of observation. 


Mercury, like water, has practical 
uses in all three states—solid, liquid, 
and vapor; it exceeds any other metal 
in the diversity of its uses. Most of 
the vast wealth buried at Fort Knox 
has been captured by mercury in the 
sluice-boxes and on the plates of gold 
mines. The most efficient source of 
power today is the mercury boiler. Some 
gasoline is refined by the heat of mer- 
cury vapor. Mercury vapor carries the 
current in rectifiers, and gives off the 
luminescence of high-intensity arc and 





Fig. 2. The Hulett still. 


sun-tan lamps. In diffusion pumps, 
mercury vapor produces vacuums of the 
highest order. A recent use of an iso- 
tope of mercury is the use of one of its 
spectral lines as the “ultimate” stand- 
ard of length. 


Mercury alloy has wide use as dental 
amalgam. For many centuries it was a 
reflecting surface of mirrors. In liquid 
form it measures temperature, pressure, 
and density. It makes electric contacts 
in switches and thermostats. It per- 
forms a variety of useful functions in 
instruments and commercial processes, 
including the polarograph, the cathode 
cell, and electrolytic production of soda. 
In solid form it is the basis of the new 
and promising frozen-mercury casting 
process. It has an important scientific 
use as the basic standard of resistance 
—the ohm being defined as the resist- 
ance of a column of mercury of a cer- 
tain cross section and length. Mercury 
in standard cells is used in all types of 
potentiometers. In the latter two appli- 
cations, purity is the basic requirement. 

There is growing appreciation of the 
need for pure mercury. Although purity 
always has been regarded important for 
certain specific uses, the interest is ex- 
tending to fields where formerly the 
purity of mercury was not considered. 


FILTERING 
Among the oldest cleaning methods 


is squeezing through leather, mentioned 
by the historian Pliny. Chamois skin 
still is employed for that purpose. A 
device popular in gold mines consists 
of a chamois-skin bag which can be 
squeezed between rollers. Such a meth- 
od, of course, removes only fine gold 
particles and floating dirt. 

In laboratories, a glass funnel and 
filter paper with a hole punched in the 
tip has had wide use; if mercury is 
poured slowly, and a final portion left 
in the paper, most surface impurities 
are removed, including the skin of base- 
metal oxides. These oxides, of course, 
will re-form because base metals are 
still in solution. A similar and perhaps 
more thorough result is obtained if the 
mercury is poured over an inclined 
rough surface, a method covered by a 
German patent®. A filter made of fritted 
glass also has been designed’. For large 
quantities, a separatory funnel is reas- 
onably effective if carefully handled. 
For removing oil, shaking with kerosene 
or a volatile solvent is common prac- 
tice. If the mercury is wet, heat or char- 
coal will dry it. 


REMOVING DISSOLVED BASE METALS 
Distillation 


The removal of dissolved base metals 
from mercury is more difficult than 
filtering floating impurities. As mer- 
cury volatilizes at a lower temperature 
than its constituents, distillation has 
been standard procedure. Originally, 
distillation was performed at atmos- 
pheric pressure, as it still is at mines, 
but it was found long ago to be inef- 
ficient. V. Meyer® discovered that mer- 
cury retained traces of bismuth, lead, 
copper, tin, and other metals even after 
twelve such distillations. Such residues 
are caused partially by the small but 
appreciable vapor pressure of the base 
metals at the distilling temperature; 
but they are caused mainly by boiling 
of the mercury, resulting in a fine spray 
of droplets carried over with the vapor. 

Vacuum distillation permits distilla- 
tion at a much lower temperature, al- 
though great care must be exercised to 
prevent “bumping,” which invariably 
causes a carry-over of base metals. This 
is especially hard to avoid in “mass” 
distillation—that is, where several hun- 
dred pounds are evaporated in a single 
operation. The heat must be regulated 
so that the rate of evaporation is slow. 


Many forms of stills have been de- 
vised. Although most stills are merely 
ingenious arrangements of similar ele- 
ments, an improvement suggested by 
Hulett® involves a new principle. In 
the Hulett still (Fig. 2), a tube drawn 
to a small aperture at the bottom dips 
below the surface of the mercury in the 
heating flask. An applied vacuum pulls 
a small but steady stream of air, which 
bubbles through and mixes with the 
mercury vapor. This not only prevents 
violent bumping, but tends to oxidize 
base metals. Cadmium and zinc, whose 
vapor pressures make them particularly 
difficult to remove in the ordinary still, 
are eliminated thoroughly. The method 
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is less effective with noble metals— 
Hulett recommends at least three dis- 
tillations for silver. It is the author’s 
opinion that this difficulty is due chiefly 
to the spray caused by breaking of the 
air bubbles at the mercury surface. In 
the laboratory of one large university 
the vapor was passed through a trap 
which, although decreasing the speed of 
distillation, resulted in a better product. 


The problem of bumping has been 
attacked from another angle in the re- 
cently developed Eberbach still (Fig. 
3).9 The heating is by induction, which 
also causes a continuous swirling of the 
mercury mass. The still is large and is 
equipped with electronic control of the 
mercury level, permitting automatic 
operation. It is said to produce more 
than five pounds per hour. 


Chemical Methods 


The disadvantages of distillation— 
slowness, necessity for repetition, and 
frequent unsatisfactory results—have 
led to the use of many chemical meth- 
ods for cleaning mercury. The first sig- 
nificant advance in this direction was 
the nitric acid tower developed by L. 
Meyer.!© Mercury falls from a small 
orifice in fine droplets through a tall 
column of 5-percent nitric acid, with a 
gooseneck acting as a mercury trap at 
the bottom. Hildebrand!! improved on 
this by squirting the mercury through 
a cloth to obtain a finer and more copi- 
ous spray. The F. Friederich’s tower! 
(Fig. 4) is indented to cause the drop- 
lets to take a slower zigzag course by 
striking numerous shoulders on opposite 
sides of the tower. A number of passes 
through the column are necessary; but 
the number cannot be large because 
mercury is slightly soluble in the acid, 
which leads to the accumulation of ni- 
trate of mercury in the column. It is 
reported!3 that 3 to 9 percent of the 
mercury is attacked after three passes, 
and the solution should therefore be 
saved for future treatment. 

Suction, air pressure, and other 
means have been used in attempts to 
make the process more automatic by 
returning the mercury to the top for 
repeated treatment. Unfortunately, no 
practicable way has been found to make 
certain that all portions of the mercury 
receive an equal number of passes 
through the still. This can be achieved 
only by allowing an entire batch of 
mercury to pass through the tower, 
and then repeating the operation, 
whether the process is manual or auto- 
matic. As acid, in spite of the mercury 
trap, gets through into the treated prod- 
uct (drops of it can be seen on the 
surface), it is necessary to wash the 
mercury several times by shaking it 
with distilled water, after which it must 
be dried. Following such treatment, 
mercury is bright and lively. However, 
if oxide skin begins to form after stand- 
ing, further treatment is required. 

Chemicals other than nitric acid are 
recommended, the mercury being shaken 
up or brought into contact with these 
solutions for extended periods. One rec- 
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ommendated chemical is five grams of 
potassium dichromate in a liter of 
water acidified with a few c.c. of sul- 
phuric acid; another is hydrochloric 
acid with one-eighth volume of sul- 
phurous; a third is dilute solution of 
potassium cyanide in the presence of 
sodium peroxide.14 This last is claimed 
to remove gold, zinc, tin, lead, copper, 
and iron, and to produce mercury of 
higher purity than is possible with 
fractional distillation. Hanke and John- 
son!5, who have investigated chemical 
methods of cleaning, have concluded 
that an electrolytic method is “the most 
satisfactory in combining effectiveness 
and convenience.” They have worked 
out the following method of cleaning 
a batch of 15 pounds of mercury: The 
batch is placed in a bottle provided with 





(Left) The Eberbach still. Fig. 4. 
(Right) The Friederichs nitric-acid tower. 


Fig. 3. 


electrodes and a tube for bubbling air, 
with an equal volume of a 10-percent 
solution of sulphuric acid. The mercury 
is the positive pole, the acid the nega- 
tive, and a 110-volt direct current is 
applied for fifteen minutes. The mer- 
cury then is washed by agitation with 
caustic and distilled water. A second 
electrode treatment follows, using sodi- 
um chloride instead of sulphuric acid. 
It then is washed. A third electrolytic 
treatment is applied with sulphuric 
acid, but with poles reversed. Then it 
is washed again with caustic and dis- 
tilled water, treated with dilute nitric 
acid to remove surface scum, washed by 
dropping through a tall column of dis- 
tilled water and, finally, dried with 
filter paper. A purity equal to the 
purest reagent mercury is claimed. 


Oxidation 


As oxygen combines with all objec- 
tionable base-metal impurities, and as 
oxygen at room temperature does not 
attack mercury, various schemes have 
been devised for oxidizing the impuri- 
ties. W. R. Forbes!6 has employed char- 
coal saturated with oxygen gas to bring 
the metal in contact with the gas. A 
small quantity of mercury can be 
cleaned by placing it in a tube and 
bubbling oxygen through it!*. The proc- 











ess has been used on a large scale by 
placing a number of flasks in series an 
bubbling with compressed air, 1 
times a little water or acid is 
The major drawback te this m 
the time required. Hulett reports 
a cadmium impurity of one part in ¢ 
thousand was not entirely removed j 
four days, but the author has obsery 
instances where a complete cleanup was 
accomplished in three days. The ti 
required because the bubbles are 
and the total surface area is g 


A method of overcoming this di 
has been developed in the “Be 
Oxifier” (Fig. 5). The tightly ¢] 
cylindrical case is half-filled with me 
cury, which is then agitated by pad 
mounted on a horizontal shaft. The 
eration breaks the mercury into a fine 
spray, which is brought into inti 
contact with the air in the cylindric] 
case. Mercury is forced through aip, 
rather than air through mercury. As 
the droplets are of minute size, the total 
surface area is large and oxidation js 
accomplished rapidly. The paddles algo 
break up the oxide skin as it is formed, 
carrying it into and through the mags 
of mercury and releasing droplets en- 
trapped in the scum. For light contam- 
ination the air in the cylindrical case js 
sufficient for complete oxidation of the 
charge; but for heavy contamination 
this air is quickly exhausted—if tested, 
the air will not support a flame. Thus, 
means are provided for renewal of the 
air. 

Illustrating the highly effective action 
of oxygen as a purifier, it is found that 
after mercury has been oxified for 
about two hours, all base metals are 
changed to fine oxide powder which 
floats on the surface. Further operation 
has no effect. 


Following all dry-cleaning methods— 
bubbling, oxifying, distillation, or any 
other—the surface oxides, or the “dis- 
tillation scum,” must be removed. Vari- 
ous methods of doing this already have 
been mentioned, but a more effective 
and convenient device is the “gold-ad- 
hesion” filter (Fig. 6)18. This filter is 
based on the fact that mercury wets 




































Continued on page 363 
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Fig. 5. (Left) The Bethlehem mercury oxifier. 
Fig. 6. (Right) The gold-adhesion filter. 
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Equipment for instrument testing at Shell Development 





Evaluation of Plant-control Instruments 


By A. BREMER and B. D. STANTON, Shell Development Company, Emeryville, Calif. 


A large user of process instruments has this con- 
tinuous program for analyzing commercial products 


has been tremendous growth in the 

manufacture and application of in- 
struments for plant control. Although 
the post-war expansion of many indus- 
trial plants can account for much of 
this growth, the fact that industry is 
becoming more and more instrument 
conscious may account for an even big- 
ger share. With the flood of new in- 
struments on the market there is al- 
ways some doubt as to which is best for 
a particular control problem. 

A need for more and better informa- 
tion on control instruments as they are 
placed on the market resulted in the 
formation of an_ instrument-testing 
group in the Shell Development Com- 
pany. The primary purpose of this 
group is to procure standard produc- 
tion units from the manufacturers as 
soon as they are released, and obtain 
information about their characteristics, 
operation, and limitations. This infor- 
mation is reported to the instrument 
engineers in the Shell operating com- 
panies to familiarize them with the 
latest developments and to assist them 
In evaluating such equipment for new 
or existing installations. 

As the tests are completed and a 
report is written on a specific instru- 
ment, the results are also sent to the 
manufacturer. This serves.a secondary 
purpose; namely, the improvement in 


Fis the past several years there 


instrument design by the manufacturer 
when definite faults or limitations are 
discovered. In special cases design 
modifications have been suggested by 
the Shell Development group and sub- 
sequently incorporated into standard 
production items. 

A third function of the Instrument 
Testing section is the complete design 
and construction of a working model 
of special control instruments which 
are not commercially available. These 
instruments may be specially made for 
one particular job and find no wide- 
spread application, or they may be de- 
veloped for general use and licensed to 
one of the instrument companies for 
further promotion. 

The first tests performed in 1947 
consisted principally of dial. calibra- 
tions and the determination of accura- 
cy, linearity, and hysteresis of the con- 
trol functions. Later a constant-tem- 
perature box was constructed for de- 
termining the effect of ambient tem- 
perature changes on transmitters and 
controllers. As testing methods were 
improved, the study was extended to 
(1) pilot-valve analyses and (2) instru- 
ment response to step-type changes in 
order to determine dead time and speed 
of response. 


TEST PANEL 
A test panel was designed and con- 


structed as an aid in testing instru- 
ments in the laboratory and as a pre- 
liminary model of a unit which could 
be used to good advantage in the re- 
finery and chemical-plant instrument 
shops. The original panel has been 
altered several times and has not been 
finalized as yet. Information obtained 
from its constant use, however, has re- 
sulted in the design of a small bench- 
size test-panel for instrument shop use 
in the Shell Companies. 

The large panel consists basically of 
six precision pressure regulators and 
various means of duplicating process 
variables. Through snap-type fittings, 
controlled air at high or low pressure 
ean be routed through different-size 
resistances and capacities, or even 
through a complete flow control cir- 
cuit. Other features of the panel in- 
clude test gages, mercury and water 
manometers, a stop clock, and a strip- 
chart recorder. 

During the past year more and more 
attention has been directed toward dy- 
namic characteristics of process-control 
instruments. For the study of ampli- 
tude ratio and phase-shift character- 
istics, two types of multi-channel high- 
speed recorders have been placed in 
service at the Shell Development Lab- 
oratory. All new instruments which are 
now obtained for evaluation are sub- 
jected to a thorough frequency-response 
testing program. 

In order to obtain more data on ac- 
tual control processes, the testing group 
has also been conducting field tests at 
some of the Shell refineries. 
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Control of polymerization of components is directed from the main control panel of one of the nation’s largest synthetic-rubber plants. 


INSTRUMENTATION 
of a Synthetic-Rubber Plant 


By J. S. DETWILER 
Taylor Instrument Companies 


Editors Note: This is the second and final installment 
of Mr. Detwiler’s article. The first installment appeared 
last month. 


SINGLE-CONTROLLER SYSTEM 


The next step in the evolution of the “standard-plant” 
reactor-control system is shown in Fig. 10. A single in- 
strument having proportional plus derivative response is 
used with its bulb located in the reactor. The instrument 
controls the steam and water inlet valves directly, rather 
than through a pneumatic-set controller. 

The control valves were equipped with precisors (valve 
positioners) to obtain accurate positioning and staggered 
operating pressure sensitivities because the controller sensi- 
tivity was slightly lower than that with the pneumatic-set 
system. 

As a result of the lower sensitivity requirement, there 
-was.a slight drift of the controlled temperature as the re- 
action progressed. This was not objectionable. Overpeak- 
ing on the rise to holding temperature was eliminated. Fig. 
11 shows the results. 

This control system was used successfully and could au- 
tomatically take care of wide variations in charging. Dur- 
ing the reaction the water temperature is changed over 
a considerable range—as much as 50 deg. F.—and the devi- 
ation from the desired control point is generally within 1 
deg. F. This is because the stabilizing effect of the derivative 
action permits relatively high sensitivity settings to be 
used. 

As the design of the standard copolymer plant progressed, 
many discussions of the reactor control system developed 
as the result of the pooling of information by design en- 
gineers of the four large rubber companies. 

The outcome of months of deliberation resulted in the de- 
cision to use a controller with automatic reset because it 
was planned to charge the reactor within a few degrees of 
the operating temperature. It was argued that there would 
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then be no problem of overpeaking, and compensation for 
load changes during the reaction would be effected by reset 
action. Hence, all the reactors were furnished with this 
type of instrumentation. 

As the plants were put into operation it was found to 
be very difficult to control all ingredients so as to have the 
charge at operating temperature. Consequently, the reactor- 
temperature control was erratic; overpeaking and cycling 
of the temperature resulted. 

Let us reappraise the features of the various control re- 
sponses that are used on the reactor-control system: Pre- 
Act, or derivative response, is effective in eliminating over- 
peaking at the beginning; however, the control point drifts 
slightly with load changes if Pre-Act only is used. Au- 
tomatic reset maintains the control point accurately but can 
not prevent overpeaking at the start. Automatic reset and 
Pre-Act in combination do not eliminate, but do reduce the 
overpeaking. 


THE “STANDARD PLANT” REACTOR CONTROL SYSTEM 


As the result of the experience with the controller using 
automatic reset alone, and because of the fact that the re- 
actors could not be accurately charged at the polymeriza- 
tion temperature, the controllers were changed to propor- 
tional plus derivative response in the field in 1943. The com- 
plete control system is shown in Fig. 12. Steam is shut off 
and cooling water is admitted to the jacket before the con- 
trol point is reached. The point at which this takes place is 
a function of the sensitivity setting (proportional band); 
the amount of valve action is dependent on the Pre-Act time 
adjustment. A sensitivity of 20 psi./in., or a throttling 
range of about 14.5 percent, and a Pre-Act time of about 
2 minutes gave good results, preventing overpeaking re- 
gardless of charging temperature and with minimum drift 
during the reaction. It might be mentioned again that there 
is no constant load condition during the reaction period. 
As a result, the temperature tends to rise or fall. With Pre- 
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Fig. 10. Single-controller system. 


Act, the deviation was less than with reset and was prac- 
tically negligible for the entire reaction period. 

E. E. Rowland in his paper “Control of Reactors for 
Synthetic Rubber” (Instruments, Vol. 20, Feb. 1947, page 
136) discusses the single-instrument and double-instrument 
control. In his work in 1945 he obtained the most satis- 
factory operation with the 2-controller setup. The master 
controller was equipped with proportional, reset, and deriva- 
tive responses; the pneumatic-set water-temperature control 
had proportional plus reset response. However, in order to 
prevent overpeaking, he set the pointer of the primary con- 
troller lower than the charging temperature for at least 
2 hours before starting the batch. This was to allow the 
system to balance at zero pressure before elevating the 
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Fig. 11. Results of the single-controller system in which the con- 
troller has proportional and derivative action. Time scale is in hours. 
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pointer to the operating temperature. As the instrument 
was not completely reset to the higher output air pressure 
during the rise, the derivative mechanism became effective 
before the control point was reached. Therefore the water 
temperature could be changed over a wide band for a com- 
paratively small change in temperatvfre rise as the control 
point was approached. It will be recognized that this pro- 
cedure required some manual attention. 

At last year’s symposium, R. E. Clarridge* presented “A 
New Concept in Automatic Control,” which introduced a 
new pneumatic circuit. This circuit incorporates the three 
control effects in such a way that automatic reset can be 
used without overpeaking on start-up. This is accomplished 
by arranging the three responses into two separate circuits. 
The first half incorporates proportional plus derivative; the 
second half proportional plus automatic reset. As two pro- 
portional bands exist, this controller could be called a two- 
band controller, the first band being affected by the deriva- 
tive response and the second being affected by the automatic- 
reset response. 

The advantages of this system on the reactor control are 
indicated by the performance characteristics in Fig. 13. 


CONTINUOUS POLYMERIZATION 
Further development work in the synthetic rubber field 
resulted in continuous polymerization. The reactors are 
piped in series and the product is pumped slowly through 
the system. The ingredients flow to the first reactor, being 
controlled by flow controllers set at predetermined values 
to give the proper ratio of the raw materials. The reaction 


* Instruments, Vol. 23, December 1950, page 1248. 
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continues as the product passes from one reactor to the 
next, each reactor temperature being controlled by the 
same type instrument as was used in the batch process. 

Several displacement reactors, placed at the end of the 
chain, are cut in and out depending on the solids content of 
the product so as to lengthen or shorten the total reaction 
time. 

A recording back-pressure controller maintains the pres- 
sure in the reactor.system by controlling a Saunders-type 
valve on the latex discharge line. 
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As shown in Fig. 15, the drier system uses a typical at. 
mospheric tunnel-type drier, divided into two sections, one 
above the other. Warm air, circulated by centrifugal blow. 
ers, enters the top part of the compartment and is forced 
downward across the heating coils and through the rubber 
to the lower suction. 

The thermal systems for detecting a sudden increase jn 
temperature, which might be caused by the breaking out of 
fire, are made up of four or five capillary-type bulbs in ge. 
ries. One bulb is placed in front of the intake to each blower. 
Thus, if a fire starts at any point in the drier, it is detected 
immediately. Excessive temperature at any bulb actuates 
the system. The output air from the controllers passes to an 
interlocking control system consisting of solenoid valves, 
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THE BATCH-TYPE SYNTHETIC-RUBBER PLANT 


Fig. 14, which is a schematic layout of a synthetic-rubber 
plant of the batch type, shows the main processing equip- 
ment. 2 
From the reactor the contents pass to a receiver where 
an anti-oxident and a reaction stopper are added. The tem- 
perature is controlled at the receiver, and the free butadiene 
is liberated and recovered. 

From the receiver, the latex solution passes through a 
stripper. The flow is controlled by glass-lined Saunders- 
type valves and glass-lined Venturi tubes. Steam pressure 
and rate of flow to the stripping column also are controlled 
by pressure and flow controllers. In the stripper, the free 
styrene is recovered, condensed, and sent to storage. 

Next, the latex is pumped to coagulators where it is mixed 
with acid and brine to form crumbs. Flow of latex is con- 
trolled, again using Venturi tubes and Saunders-type glass- 
lined valves. The pH of the coagulants also is controlled 
by admitting the ingredients to the coagulators. 

After coagulation, the crumbs are washed as they pass 
over continuous filter-washers. 

The washed crumbs then pass through a continuous drier 
whose temperature is controlled accurately in zones by 
steam in coils. These driers are equipped with a multiplic- 
ity of motor-driven fans to insure adequate circulation. 

Fire-control System.—A unique safety device is in use in 
one synthetic rubber plant for the control of fire in the 
drier. Although not adopted in the standard plants, the 
system provides for flooding the drier with steam in event a 
fire breaks out in any part of the drier. 
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TIME —> 


pilot valves, pressure switches, and relays—and thence to 
the steam valve. 

While the drier is operating at its normal temperature, 
air is supplied by all fire-control systems, and the interlock 
system is in position to allow air pressure to close the valve 
in the steam-inlet line. The fan motors and the conveyor 
are running. If a fire breaks out and is detected by one of 
the bulbs, the temperature rises and the controller shuts off 
its output air. Regardless of which controller system oper- 
ates, the interlock is so energized that the steam valve opens 
to flood the drier with steam, and the fan and conveyor 
motors stop. The steam cannot be shut off until the tem- 
perature in the drier returns to normal and the interlock 
is reversed by push button to apply air to the motor of the 
steam valve. The fans and the conveyor can then be re- 
started. 

The final step in the synthetic-rubber process is the baling 
of the rubber crumbs as they are delivered by the drier 
(Fig. 14). This is accomplished in a hydraulic-operated 
press controller by a time-cycle controller. It is entirely au- 
tomatic in operation. When the 75-lb. charge of rubber in 
the hopper is weighed, it trips a limit switch which dumps 
the charge into the baler and starts the timer. The timer 
then puts the cover on the baler, applies low hydraulic-pres- 
sure to the ram to compress the charge, bumps the press 
to remove air from the bale of rubber, applies high pressure 
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eee Fig. 14. Processing equipment of a batch-type synthetic- 
rubber plant. 
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to the ram, compresses for a short period, then lowers the 
tam, removes cover, and ejects the bale of rubber. Fig. 16 
shows the schematic diagram and the sequence of operations 
of this system. 


CoLp RUBBER 


A superior synthetic rubber, especially for tires, known 
as cold rubber, is now heing made in some of the plants. 
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Fig. 16. Schematic diagram and sequence of operations of 








































































































































































































Ov- 6O CY _ me nema “ " 
— ° Taylor Flex-O-Timer” applied to a synthetic-rubber bali 
sof scpw HD BF o 7p SCALE CONVEYOR STARTER xeon bow press. Be 
\°] SIGNAL. 
LIGHT 
(eNTIME RELAY Mi S37 
ey, M2 Ml 
r ALARM i 
—Osa | Mi & M2 TIMER MOTOR & SIGNAL \“ if 
sc 
CALS SCALEDISCH os iil orr 
x | cae | M4 RAML P 4S ae es on 
TIMER SOLENOID Fe eee MS RAM #.P j big 
M2 
uM 
f l M6 EJECT J l ON 
MOTOR 4 
LIGHT OFF 
M3 COVER RELAY | | | M7 SPRAY | | | | - |: 
Leleie o) 
- TUATED J © “ 1 
LS ee Gr COVER OFF oes Ww O— 7 " * sft 26s 8 
LS) Ma Val RAM LP RELAY a - @ 
a we 7 LeleL ete] oz 3 
-ACTUATED zn2, Z os . 
BY COVER ON 2 e>9e ef P20 5 
SWITCH 2!70% 2a oss tla « 
X74S166A Salear z3 ros ° Su w g 
Ms RAM HP RELAY £203 gu on v20 ®ee27285 54 2 
we SUN sean ze oo? ao @50, 6% 8 
= ua 
ER me EJECT RELAY pravzge ge JES Ee St So =e S 
ia Oa ay See ne2 oo $32 egetsu ke 3 
Mz SPRAY SOL VALVE HHOr 43a SF a0 8 iu8 4 : 
__t- TORS MIN MAK. DELAY SIGNAL 
es a as OPERATOR DEVELOPMENT 
SCHEMATIC CIRCUIT DRAWING 
« 
® TRANSET RECORDER 
RECEIVER CONTROLLER 
WITH 748192 ALARM AIR Oa SWITCH CLOSE COUPLED 
Ww 
TRANSET TRI-ACT 
—— CONTROLLER ~_ 
PSI WITH MANIFOLD ~|~ 
TRANSAIRE PRESS. ™ 
TRANSMITTER i. 
o-e 
—+} LJ 
TRANG, Ze 20 PSA 
A 
| SUPPLY 
© 
TAYLOR EVENAC TION VALVE 
DA- 1-7 PSI SENSITIVITY 
COOLING COILS 7 § 
a } _ REFRIGERATED 
CoS "WATER 
, ——_—— EVENACTION VALVE 
4 DA- 7-13 PSI SENSITIVITY 
REACTOR ® zs 
1 _ SERVICE 
7 aed WATER 
TAYLOR EVENACTION VALVE 
RA- 13-19 PSI SENSITIVITY 
STEAM 
Fig. 17. “Taylor Transet’” control system for a synthetic- 
rubber reactor. 
WATER PUMP ; central control room, long lengths of capillary tubing are 
required on the thermal systems. 
“ 99 
Plans are under way for the conversion of portions of ex- TRANSET” CONTROL SYSTEM 


isting plants to produce this type of GR-S. 


In line with present trends, the plants changing over to 


The process is almost identical with the one described cold-rubber manufacture are giving consideration to the use 
except that polymerization takes place at 41 deg. F. instead of force-balance-type temperature transmitters, and convert- 
of 122 deg. F. The same-type instruments are used by ing the present controller to a receiver controller—or re- 
changing the thermal systems to a lower range and by using placing it with the new controller having the improved 
a refrigerant instead of water in the jacket circulating sys- circuit to eliminate overpeaking and yet compensate for 


tem. The reaction time is considerably longer. 


load changes. The latest concept in the reactor system is 


As the reactor temperature controllers are located in a shown in Fig. 17. 
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The adaptation of the new two-band controller to the pres- 
ent reactor control system is shown schematically in Fig. 18. 
To adjust this system, the sensitivity of the existing control- 
ler is set to produce a 3 to 15 psi. output pressure change for 
100 percent pen travel with the set pointer at midscale of 
the chart. 

The instrument is synchronized to produce a 9-psi. output 
when pen and pointer are together. The output of the pre- 
cision reducing valve is set at exactly 9 psi.; this same re- 
ducing valve can be used to load any number of similar units. 

Next, set the control index to the desired value on the 
chart. The Tri-Act controller controls and brings the process 
to equilibrium with a 9-psi. output from the original con- 
troller, which is the value obtained when set point and con- 
trol point are coincident. 

All adjustments for gain, reset, and derivative are made 
on the Tri-Act controller. 
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Fig. 18. Use of “Tri-Act” controller with existing “123R” controller 
to achieve “‘two-band” control. 
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DISCUSSION 


R. L. Mallory: It is interesting to note control selected 
for the standard plant turned out to be exactly what you 
disposed of initially as being inadequate for the job. You 
might want to comment upon that in a few minutes. In 
the trial of the time-schedule control, I don’t believe you 
mentioned what responses were used. You did mention that 
one of the objections was the fact that you had violent 
changes in water temperature, which had detrimental 
effects upon your equipment, and also some process dis- 
advantages. Later on, in discussing pneumatic-set equipment, 
you mentioned one of the advantages was the ability to 
obtain wide changes in product temperature. Would you 
care to discuss these points? 

Detwiler: The adoption of the type of controller which 
was abandoned originally was the result of the discussion 
among the representatives of the rubber companies, the 
design engineers, and all the instrument manufacturers. 
An automatic-reset controller was adopted because they had 
definitely decided to charge the reactor at the polymeriza- 
tion temperature. As that was never possible, we changed 
in the field to the rate-response type of instrument. 

The time-schedule controller was applied in a very narrow 
throttling band. As a result, during the rise to temperature 
the jacket water temperature was successively high and low. 


It was the wide and sudden variations in the water jacket 
temperature that was objectionable. It is possible also to 
set or limit the jacket water temperature during the rise 
to temperature in order to overcome overpeaking, but that 
lengthens the reaction time. During the war we were in- 
terested in producing synthetic rubber as fast as possible. 
We were allowed to make that one change in temperature 
over a fairly wide limit, but that was after the reaction 
temperature had been reached, and it was not considered 
objectionable. It may. have caused a slight buildup of film 
on the lining of the reactor, but it wasn’t too bad. 

Charlie Miller: In one of the original experimental sys- 
tems we controlled from the jacket temperature during the 
first part of the cycle and then shifted automatically to 
the product temperature. How was that accomplished? 

Detwiler: Two little pilot valves operated from the out- 
put air pressures from the control systems accomplished 
that shift. As the product temperature reached the control 
point, the output air pressure from that system actuated 
the pilot valve which then shifted the control to the other 
system. 

Ralph Webb: How did the pressure change during the 
reaction? 

Detwiler: The reactor pressure built up gradually as the 
temperature increased. When the reaction temperature was 
reached, the pressure leveled off. It did not rise unless there 
had been some mistake in charging the reactor, in which 
case a more violent reaction might have taken place to 
increase the pressure, in spite of the fact that the temper- 
ature was held down. 

Webb: Did the pressure hold up during the entire re- 
action? 

Detwiler: Yes. The reaction time was determined entirely 
by the solids content of the latex. 

Russell Brant: I believe the reaction pressure did drop 
off as the jacket water temperature was decreased. 

Detwiler: That may be so. I have not seen many charts 
since these plants have been reactivated. 

Brown (Kentucky Rubber): As the pressure in the re- 
actor is the vapor pressure of butadiene, the vapor pressure 
does drop off because the emulsion gets weaker as the re- 
action progresses. 

Detwiler: I stand corrected. 

Mallory: It appears to me that the laborious way that 
the problem was approached is no different from how the 
rest of us approach it. Is there a way that a problem like 
that can be attacked, based on experience with similar 
applications, mathematically or some other way, so as to 
eliminate a lot of the physical steps that we take in 
arriving at the best solution? Granted, the conclusion is a 
case for control form that didn’t exist at the time that 
the experiments were being made, yet there undoubtedly 
was a good control solution to that application at the 
time. Whether you arrived at the best one or not is another 
matter, but we all do exactly the same thing. We start 
out—we grab a handful of equipment and attack a prob- 
lem. I sometimes wonder if we don’t do it without a 
thorough analysis to see if we can’t determine in advance 
exactly what is best suited to the application. As an appli- 
cation engineer, Mr. Detwiler, you might want to make 
some comment on that. 

Detwiler: I think the main problem was the time element. 
Most of the laboratory work on the temperature control 
system was done on production units. As soon as you 
worked out one control system, everything would change 
overnight and they would do things a different way the 
next day. We didn’t have enough time to do it. 

Webb: The expediency of the times and the pressure 
from Rubber Reserve and others justified any approach 
to the problem. 

Mallory: Could a half-day’s thought rather than a week’s 
work have been more effective in coming up with the 
answer? 

Detwiler: They didn’t give you that much time and they 
wanted action and not pencil pushing; that was the result. 
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INSTRUMENTATION 
"of OXYGEN PLANTS 


To instrumentize a plant, it is 
necessary to know the perform- 
ance characteristics of the proc- 
ess. This article describes the 
HRI oxygen plant, its character- 
istics, and its instrumentation. 


oxygen plant are capital cost and power cost. As the 

two are never entirely compatible, it is always neces- 
sary to compromise one or the other or both to achieve the 
most profitable operation. Instrumentation, being an integral 
part of the design of an oxygen plant, is subject to the same 
considerations. To afford some insight about the factors 
which affect the cost of oxygen, the present discussion of 
instrumentation is prefaced with an outline of the special 
design characteristics of oxygen plants in general, and with 
a brief description of the arrangement of equipment and 
operation of a particular plant, including the basic control 
system. 


T= most important considerations in the design of an 


SPECIAL DESIGN CHARACTERISTICS OF OXYGEN PLANTS 


The separation of oxygen from air is more simple than 
most industrial processes. If air could be liquefied at nor- 
mal temperature, the separation would be as simple as 
super-atmospheric temperature-distillation processes such 
as the topping of gasoline from crude oil or the distillation 
of alcohol from mash. However, air at ordinary tempera- 
tures is a fixed gas, well above its critical temperature. 
Therefore, air must be liquefied at extremely low tempera- 
tures. The major problem is the high degree of conserva- 
tion of refrigeration demanded by the economics of the 
process. More than 98 percent of the refrigeration require- 
ment of the plant must be recovered from the cold products 
of distillation; otherwise, power costs become prohibitive. 


A second complication is a requirement of the distillation. 
Not only must the air be liquefied but, in addition, a source 
of liquid nitrogen must be provided to effect the separation 
of the nitrogen from oxygen. In any fractional distillation 
it is necessary to have a certain minimum quantity of the 
lowest-boiling product—nitrogen in this case—in liquid 
form, flowing constantly into the top of the fractionating 
tower. The economics of the process demand that the lique- 
faction of nitrogen be achieved with high thermodynamic 
efficiency to avoid expenditure of unnecessary power. 


A third complication is the requirement of a supplemen- 
tary source of refrigeration. Theoretically there is suffi- 
cient refrigeration available from the cold products of dis- 
tillation to satisfy the entire refrigeration load, but even 
the most efficient plants have small inefficiencies which must 
be offset by a supplementary source of low-temperature 
refrigeration. Again the economics of the process demand 
that this be accomplished with high thermodynamic effi- 
ciency. 

A fourth complicating characteristic is the necessity to 
eliminate from the plant the small quantities of water, 
carbon dioxide, and acetylene which are contained in the 
air. Unless the water and carbon dioxide are eliminated 
continually they accumulate as solids in the exchangers and 
towers and rapidly interfere with the normal flow of liquids 
and gases. The accumulation of solid acetylene in the re- 
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boiler of the distillation column or elsewhere must be avoided 
because of its tendency to explode in the presence of liquid 
oxygen. The removal of these fouling compounds must be 
accomplished without seriously complicating the equipment 
or significantly increasing the power requirements or other 
direct operating costs. 

Gaseous oxygen was first produced in tonnage quantities 
by the Linde Frankl process approximately twenty years 
ago. Since then commercial plants have been built embody- 
ing several other processes. All the processes liquefy air 
and effect the separation of oxygen by fractional distilla- 
tion. They differ from one another chiefly in the power 
expended and the methods and equipment employed to con- 
serve refrigeration, to provide nitrogen reflux, to supply the 
supplementary refrigeration, and to eliminate the fouling 
compounds. The instrumentation obvieusly must be accom- 
modated to the particular process. However, the general 
problems of measurement and control of flow, pressure, tem- 
perature, etc., are common to all processes. 


THE HRI OXYGEN-SEPARATION PROCESS 


The instrumentation of the Hydrocarbon Research, Inc., 
plant, which forms the principal subject matter of this arti- 
cle, is based on actual operating experience of three of the 
largest commercial units ever built and three small demon- 
stration uits. The HRI process is illustrated by the simpli- 
fied flow diagram of Fig. 1. The particular cycle shown 
is the basic design of a plant that produces relatively large 
quantities of tonnage oxygen—that is, 90-97 percent pure 
gaseous oxygen. Modifications of this cycle are available 
for smaller plants and for plants that produce simul- 
taneously with tonnage oxygen, or in any desired combina- 
tién, high-purity welding-grade or medicinal oxygen, liquid 
oxygen, oxygen-free nitrogen, argon, krypton, and xenon. 

The HRI process (Fig. 1) is a relatively simple but highly 
integrated cycle. Atmospheric air is first filtered (1) to 
remove dust and fog, then compressed (2) to approximately 
70 psig., cooled (3) in exchange with water, and freed of 
liquid water in a combination surge-drum and entrainment- 
separator (4). The cooled compressed air is refrigerated 
to minus 278 deg. F. in reversing exchangers (5) and (6), 
as it flows counter to the cold nitrogen and oxygen. All water 
vapor and essentially all carbon dioxide are precipitated in 
the reversing exchangers coincidental with the cooling of 
the air. 

The refrigerated air enters the base of the high-pressure 
tower (7). There the bulk of the air is liquefied and frac- 
tionated at 67 psig. into two essentially equal parts—an 
overhead liquid termed “nitrogen reflux,” and a _ bottom 
liquid termed “rich air.” Between 20 and 25 percent of the 
air entering the high-pressure tower is washed by the liquid 
flowing over the lower trays of the tower. This removes 
the last traces of carbon dioxide and the acetylene. The 
air is withdrawn at essentially the same temperature as it 
enters the tower. This fraction of the air is then reheated 
to minus 245 deg. F. by passing a portion of it back through 
the cold end of the reversing exchanger (6) and mixing this 
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portion with the remainder (8). The reheated air is ex- 
panded to approximately 5 psig. through a turbo-expander 
(9) to supply the supplementary refrigeration requirement 
of the system. 

The expanded air, at minus 305 deg. F., enters: the low- 
pressure tower (10) approximately midway between the top 
and bottom. The nitrogen reflux from the top of the high- 
pressure tower, free of all traces of fouling compounds, is 
subeooled to minus 308 deg. F. by exchange (11) with 
nitrogen product leaving the top of the low-pressure tower, 
and then expanded through a valve (12) into the top of the 
low-pressure tower. The rich air from the bottom of the 
high-pressure tower is subcooled to minus 281 deg. F. also 
by exchange (13) with the nitrogen product. It then is 
passed through a combination filter and absorber (14), 
which removes the last traces of carbon dioxide and the 
acetylene, and finally is expanded through a valve (15) 
into the low-pressure tower at approximately the same lo- 
cation as the expanded air. 

Between the low-pressure and high-pressure towers is 
the reboiler condenser (16). The rising vapors in the high- 
pressure tower furnish heat to boil the liquid oxygen at 
minus 292 deg. F. in the base of the low-pressure tower. 
In furnishing this heat, the vapors are condensed at minus 
286 deg. F. The gaseous nitrogen product (17) leaves the 
top of the low-pressure column at minus 315 deg. F.; the 
gaseous oxygen product (18) leaves the bottom of the same 
column just above the liquid level. 

The oxygen product, free of carbon dioxide and water, 
flows at a steady rate directly from the low-pressure tower, 
through the reversing exchanger, to the suction of the oxy- 
gen compressor, or booster (not shown). The nitrogen 
product, after exchange with the reflux streams from the 
high-pressure tower, is further heated to minus 285 deg. F. 
by exchange (19) ‘with a part of the reheated air. This 
reduces the temperature difference between the nitrogen 
and the air at the cold end of the reversing exchanger to 
approximately 7 deg. F. The tempered nitrogen product 
then flows counter to the air through the reversing ex- 
changer to the atmosphere (if it is to be wasted), or to a 
pumping station (if it is to be further utilized). The nitro- 
gen product leaves the reversing exchanger at essentially 
atmospheric pressure and about 4 deg. F. below the tem- 
perature of the air entering the reversing exchanger. Every 











Fig. 1. The oxygen cycle in the HRI process. 


15 to 25 minutes the flow paths of nitrogen and air through 
the reversing exchangers are switched by operating the 
valves (20) at either end of the exchangers. Oxygen prod- 
uct flows continuously through separate passages uninter- 
rupted by the reversal of flow of air and nitrogen. By re- 
versing the flows of air and nitrogen the water and carbon 
dioxide previously deposited from the air are revaporized 
and carried out of the plant with the nitrogen product, thus 
avoiding the fouling which would otherwise occur. 


CONTROL OF THE HRI PLANT 


In order to operate the HRI plant at maximum efficiency 
it is necessary to control accurately certain flows and tem- 
peratures. However, in such an integrated cycle the danger 
of overcontrol is as great as the danger of undercontrol. 
There is some freedom of choice of controls. Hence the con- 
trol system described is not the only possible system, but it 
is one which has proved stable and flexible in plant practice. 
The necessary controllers are indicated on Fig. 1. The ob- 
jective of control is to produce oxygen at the desired rate 
and purity with the minimum expenditure of power. 

Following the line of flow through the plant the centrol- 
lers, which are indicated by small rectangular boxes, are 
(1) the rate of flow of air from the compressor, (2) the 
temperature of the air leaving the reversing exchanger, 
(3) the periodic reversal of flow through the reversing ex- 
changer, (4) the temperature of the air entering the ex- 
pander, (5) the speed of the expander, (6) the rate of 
flow of nitrogen reflux from the high-pressure tower to the 
low-pressure tower, (7) the liquid level in the bottom of the 
high-pressure tower, (8) the temperature of the nitrogen 
product entering the reversing exchanger, and (9) the rate 
of flow of oxygen from the plant. It might appear that bet- 
ter performance would be obtained if more controllers were 
used. For example, there is no pressure control, no direct 
control of the flow to the expander, etc. However, a careful 
examination of the integrated cycle shows that the equip- 
ment imposes certain controls on the operation; to add to 
the nine externally imposed controllers noted would lead 
to overcontrol, to loss of efficiency, or even to instability. 


Rate of Air Flow From Compressors 


The primary control of the plant is the rate of flow of 
air from the compressors. If more oxygen and/or higher- 
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purity oxygen is desired from a plant which is operating value necessary to give the required heat transfer across Expa 
efficiently, the flow of air must be increased; conversely, if the reboiler, and the pressure assumes the value necessary 
less oxygen or purity is desired, the air flow must be re- to condense the nitrogen reflux at that temperature. Neither soe 
duced to maintain peak efficiency. Fortunately the flow the temperature nor the level of the distilling oxygen is an speed 
characteristics (exclusive of the compressor) of an efficient independent variable. Therefore, whereas the conditions powe: 
oxygen plant are similar to the flow characteristics of a of the reboiler condenser set the pressure in the high-pres. pande 
critical-flow orifice—that is, the rate of flow depends pri- sure system, the conditions in turn are dependent on other mosp 
marily on the head pressure. The characteristics of a cen- operating characteristics of the plant. the . 
trifugal compressor are such that both discharge pressure with 
and flow are functions of speed—pressure increasing with Temperature of Distilling Oxygen “ao 
speed at constant flow, and flow increasing with speed at * e77: . in 
sine pressure. The combination of tela plant Pe pei ae Oe are ige  g Being: aden tling 
titutes a stable system in which compressor speed de- Sears “a agrees age ae thern 
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SOU bien. inhan een) Midannannddlir of chew’ O60 Séux seal cae pear drop of the nitrogen product path tling 
p of the low-pressure tower to the atmosphere. coupl 
per day. oFe The pressure drop across the tower is reasonably constant; tentic 
oe eg ooygrten le td Ne ane ple per Pana the pressure drop across the nitrogen path is a direct fune- for tl 
fj sei * tion of the rate of flow of nitrogen product. Hence the dis. 
As the compressor speed is increased, the head pressure and _ tijJation pressure and semanas ae set essentially by the Flow 
aan ae feet ate Rrra ota li HE age nitrogen product flow, which in turn is set by the air flow. Tw 
governing the speed of the compressor. In practice the com- rid cy poor ciallg SORTER, ee Con Te Ne aetied ae contr 
pressor characteristics change with atmospheric conditions, top, @ 
and the plant characteristics change with variations in set Level of Distilling Oxygen sure 
points of the other controllers. However, in a well-operated Wea d : aS varie 
plant these changes are neither great nor rapid. Thus The level of the distilling oxygen in the reboiler is set the h 
manual adjustment of the compressor-speed set point is by the supplementary refrigeration requirement of the plant withi 
adequate. The speed of the compressor can be controlled in and by the capacity of the expander. The expander is in reflux 
a number of ways, depending on the type of drive. One &Ssence a reaction turbine and has the flow characteristics the t 
method, which has proved satisfactory in full-scale plants of a critical-flow orifice. The mass flow depends only on the oxyge 
for both gas-engine and steam-turbine drives, is a manually temperature and pressure of the air entering the expander neces 
set mechanical-governor with two servomotors in series— and, as the inlet temperature is essentially constant, the and 
one to amplify the power of the governor, the other to con- flow depends almost wholly on the pressure. A certain com- taine 
trol the valves regulating the flow of gas to the engine or bination of flow and pressure is necessary to balance the valve 
the flow of steam to the turbine. refrigeration requirement. However, in event of a tran- fice-fi 
A second important variable of the oxygen plant is the sient deficiency of refrigeration, an excess of liquid in the Me 
discharge pressure of the compressor. As stated previously, @boiler is vaporized to compensate for the deficiency and been | 
this is an intrinsic control which is set by the flow char- consequently the liquid level falls. A decrease in reboiler the s 
acteristics of the plant. The primary control of the pres- level automatically raises the pressure in the high-pressure and | 
sure in the high-pressure section of the plant is the reboiler tWeT, a8 described previously. This higher pressure is re- quate 
condenser of the fractionating column, which acts much as_ “ected in all parts of the high-pressure system (including ined | 
the condenser on a steam engine. The condensing pressure is the inlet to the expander), more air is expanded, and the two t 
a function of the temperature of the coolant (the distilling plant automatically approaches a new point of balance. been 
liquid oxygen in the reboiler section), the amount of sur- Inlet Air T fi Fig. 
face covered by coolant, and the coefficient of heat transfer “ bia eal ts tamales simil: 
from coolant to condensing nitrogen reflux. The tempera- The temperature of the air entering the expander is con- lies i 
ture and hence the pressure of the high-pressure tower as-_ trolled so that the discharged air is approximately 2 deg. Fema 
sume values consistent with the condensation of the quantity F. above its dew point. The inlet temperature is controlled be tw 
of air required by the particular flow rate—that is, the by manually adjusting the valves which set the fractions cold 
temperature of the condensing nitrogen reflux assumes the of the air to be expanded and to flow through the cold end contr 
ty of the reversing exchanger, through the equalizing ex- Sas 
& al changer, and directly from the tower to the expander. A ?— 
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Expander Speed 


The speed of the expander is controlled by controlling the 
speed of its brake—that is, the unit employed to absorb the 
power output of the expander. A proved brake for the ex- 
pander is a centrifugal compressor which takes air at at- 
mospheric pressure and discharges it into the intercooler of 
the main air compressor. A brake compressor and expander 
with correlated operating characteristics are chosen. The 
units are direct coupled. The speed is controlled by throt- 
tling the compressor output; increasing the degree of throt- 
tling increases the speed. Within relatively wide limits the 
thermodynamic efficiency of an expander changes only 
slightly with speed, as shown in Fig. 3. The combination of 
a conventional manually-set air-operated valve (for throt- 
tlng the brake compressor) and a tachometer-generator 
coupled to the bearing oil pump shaft (with indicating po- 
tentiometer calibrated in rpm.) is performing adequately 
for this service in large plants. 


Flow and Level of Nitrogen Reflux 


Two other important variables which require external 
control are (1) the rate of flow of nitrogen reflux from the 
top, and (2) the liquid level at the bottom of the high-pres- 
sure tower. Physically, the nitrogen reflux stream can be 
varied from zero to the equivalent of all the air liquefied in 
the high-pressure tower. Practically, it must be controlled 
within reasonably narrow limits. A volume of liquid nitrogen 
reflux of high purity equivalent to at least 40 percent of 
the total air flow is required to separate the nitrogen and 
oxygen in the low-pressure tower. Also, a constant flow is 
necessary for efficient separation in both the high-pressure 
and low-pressure towers. Adequate control has been ob- 
tained in full-scale operation with double-seated air-operated 
valves set manually, and also set automatically by an ori- 
fice-flow controller. 

Measurement of the absolute value of the flow has not 
been consistently reliable, probably because of the failure of 
the system to maintain balanced static heads in the high- 
and low-pressure taps of the orifice meter. However, ade- 
quate control has been achieved using empirically determ- 
ined set points which lead to the desired separations in the 
two towers. A modification of current practice which has 
been designed to overcome present difficulties is shown in 
Fig. 4. The arrangement of elements is the same as for 
similar service at higher temperatures. The novel feature 
lies in the manner in which the static heads in the two taps 
remain equal. It is a characteristic of the system that there 
be two phases in the pressure leads—a liquid phase in the 
cold section, and a gas phase in the warm section. The 
contribution of the liquid phase to the static head must be 
essentially equal in the two leads. This is accomplished by 
confining the liquid to the essentially horizontal runs of the 
leads, and by restricting the insulation of the vertical sec- 
tions to assure only gas phase at these locations. A slight 
change in position of the interface then has little effect on 
the overall static head. 


Flow of Rich Air 
The rate of flow of rich air from the bottom of the high- 
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Fig. 4. System for keeping static heads in taps constant while measur- 
gz flow. ~ 
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pressure column is simply the difference between the total 
liquefied air and the nitrogen reflux. A steady flow of this 
stream is achieved by controlling the level in the bottom of 
the high-pressure tower. This-is accomplished in full-scale 
plants with displacement-type controllers. The installation 
of the displacement meter is shown in Fig. 5. The suceess- 
ful operation of the system depends on proper insulation 
of vessel and control element. If the heat leak into the 
system is low enough to obviate undue boiling of the liquid, 
there is no significant difference between this application 
and higher-temperature applications. 


Temperature of Air From Reversing Exchanger 


The temperatures of the air leaving the reversing ex- 
changer and of the nitrogen entering the reversing ex- 
changers are set in a manner which does not lend itself to 
simple explanation. The air temperature depends on the 
amount of heat transfer which occurs in the reversing 
exchangers. This heat transfer is the sum of (1) the heat 
transfer to the air being reheated prior to expansion and 
(2) the heat transfer to the nitrogen product. Thus there 
is any number of combinations of these two heat-transfer 
quantities which produces the correct air temperature. 

The temperature of the nitrogen entering the reversing 
exchanger is set by the amount of heat transferred to it 
as it flows through the nitrogen reflux, the rich air, and the 
equalizer exchangers. It is beyond the scope of this article 
to trace the sequential motions required to bring about the 
desired control. It suffices to state that the control is simple 
enough to become intuitive with the operator. When equipped 
with exchangers of proper size having variable flow by- 
passes controlled by manually set valves, the plant has an 
intrinsic stability and flexibility which make instruments of 
fast response unnecessary. Temperature measurement by 
thermocouples is adequate for all valve adjustments. Man- 
ually-set pneumatically-operated valves have proved satis- 
factory for splitting flows. 


Flow of Oxygen From Plant 


The control of the flow of oxygen from the plant can be 
accomplished by any of a number of flow instruments. How- 
ever, as it is generally necessary to compress the oxygen for 
subsequent use, speed control of the oxygen compressor is 
a convenient and satisfactory method of control. It has 
proved reliable in large plants. 


Flow Reversal 


The flow through the reversing exchangers is reversed 
by pneumatically operated valves on the warm end of the 
exchanger and by check valves on the cold end. Both single- 
seated bevelled-disc and rotary-plug-type valves have been 
used successfully on the warm end, and lift- and swing- 
type check valves on the cold end. All valve actions are 
automatic in accordance with a predetermined time cycle. 
A typical arrangement for timer and valves is shown in Fig. 
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Fig. 5. Low-temperature level control. 
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Editor’s Note: 
Mr. Li’s article. 


fhis is the third and final installment of 


RESPONSE DELAY OF A PEAK-HOLDING SYSTEM (Continued) 


The performance of the input linear group of an ideal 
system is similar to that of the output linear group. In 
general, the complete analysis of the operation of systems 
with both input and output linear groups may be preceded 
with an assumed input-output deviation difference at the 
instant of input reversal drive. The output and input linear 
group effects are introduced in turn around the chain of the 
optimalizing system. In general, after making the analysis 
around the chain of the optimalizing system for one com- 
plete cycle, it may be found that the final value of the input- 
output deviation difference is different from the value as- 
sumed at the beginning of the analysis. A new value of the 
input-output difference is then assumed to start another 
analysis cycle. By using continuous cut-and-try methods, 
the operation characteristics of the optimalizing system may 
be obtained, as shown in Fig. 16. In this figure the analysis 
was carried out under the assumption that both the output 
linear group and the input linear group of the optimalizing 
system have one first-order system. 

In Fig. 16a the convertor output is represented by a 
light, solid-line curve; the smoothed output is represented 
by a heavy, solid-line curve. The smoothed output signal is 
identical with the output from the output linear group, as 
shown in Fig. 14. 


CHARACTERISTIC. TIME 
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OPTIMALIZING SYSTEM 
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Massachusetts Institute of Technology 


Fig. 16 shows the indicated output-deviation signal, which 
is produced from the smoothed output signal. The intersec. 
tion point of the output-deviation signal and the stabiliza- 
tion zone determines the reversal point of the drive signal, 
which is represented by the vertical dash line. 

Fig. 16c shows the drive signal for the input-adjustor 
drive, which is supplied from a constant source with re. 
versals controlled by input correction signal without delay. 

The dashed line in Fig. 16d represents the integration of 
the drive signal to the input-adjustor drive under ideal con- 
ditions without time delay. This integration is performed 
by the input-adjustor drive in Fig. 14. The heavy, solid line 
of Fig. 16d represents the input signal with response delay 
caused by the first-order input linear group. The “round-off” 
of the heavy solid line from its asymptotes (the heavy 
dashed lines) is due to the exponential function introduced 
by the initial deviation difference, as explained previously. 

Fig. 16a shows that the smoothed output signal between 
the indicated optimum point and the instant of input-drive 
reversal has approximately the same shape as the para- 
bolic section of the input-convertor output. This means that 
in an ideal optimalizing system with the same stabilization 
zone setting as that shown in Fig. 16b, the input reversal 
occurs at a time interval equal to the indicated input drive 
reversal time, shown in Fig. 16 after the indicated optimum 
point. The corresponding output hunting period is equal 
to twice the indicated input drive reversal time, taking into 
account the symmetry of the parabolic function. 
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Fig. 16. Action of a peak-holding optimalizing-control system 
one first-order response delay in the input linear group. 
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Fig. 16d shows that the actual input-rate reversal is 
represented by the peak of the heavy, solid-line curve. 
However, it is approximately true to consider the input- 
yate break point, which is the intersection point of the 
asymptotes of the controlled-input variation, as the input- 
rate reversal. The time between the true optimum point and 
the input-rate break point is called the break-point input- 
rate reversal time. In (a) and (d) of Fig. 16 it is shown 
that the break-point input-rate reversal time is equal to the 
indicated drive-reversal time plus the summation of the 
characteristic times of the linear groups. The corresponding 
output hunting period is equal to twice the break-point 
input-rate reversal time, taking into.consideration the sym- 
metrical effect of the asymptotes of the input rate. 

From the preceding discussion it follows that, with 
everything else maintained equal, the introduction of first- 
order systems into an optimalizing system increases the 
output hunting period by a time interval corresponding to 
twice the sum of the characteristic times of the first-order 
systems. For a system with a certain constant input rate 
(in the case of air flow this is equivalent to rate of change 
of flow) the elongation of the output hunting period causes 
a proportional increase in the input hunting zone, which in 
turn causes an increase in the output hunting zone propor- 
tional to the square of the input hunting zone, or the input 
hunting period. The increase in the output hunting zone 
increases the output hunting loss, which is the main ob- 
jection to the response delay introduced by the first-order 
linear groups. 

In addition to the increase in the output hunting zone, 
the response delay effect of the linear group also sets a 
limitation on the operation speed of the control system. 
This is because the speed of the input-adjustor drive is 
determined from a certain input rate that would produce 
a suitable output hunting period considerably longer than 
the response delay. For a long hunting period, a low input- 
drive speed is needed, which in turn slows down the recovery 
time. 

There are certain types of eperating systems which have 
some linear systems with excessively long response delays. 
If the controlled system operates with a rather fast drift- 
ing rate, which requires fast recovery time, the designer 
has no suitable input rate to use. He may have to improve 
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some of the response delay effects of the operating system, 
or else choose a control-system loop which bypasses those 
components with long response delays. For example, in the 
internal-combustion engine discussed in connection with 
Fig. 14, there is a response delay in the output coupler which 
corresponds to the piston-shaft mechanical system. This 
system can be bypassed in an optimalizing system by using 
a receiver connected to the input convertor to produce a sig- 
nal representing the indicated power of the cylinder gas. 
With this arrangement the control system chain does not 
include the output coupler, so that the response delay of the 
output coupler is no longer an important factor in the 
operation of this optimalizing system. 


HUNTING ZONE OF A PEAK-HOLDING 
OPTIMALIZING-CONTROLLER 


In the discussion of Fig. 9, the output hunting zone is 
defined as the range of output variation caused by input 
test-variations in the vicinity of the optimum level. Clearly, 
any output deviation from the optimum level is essentially 
an output loss. For satisfactory operation it is always de- 
sired to limit the output hunting zone to a small value. 

The performance diagrams of Figs. 9 and 13 show that 
the existence of an output hunting zone depends largely on 
the setting of the stabilization zone, which determines the 
instant of reversal. Theoretically, for a smooth output signal 
like that shown in Fig. 9 or 13, the stabilization zone can 
be set infinitesimally small. Under this assumption, the 
corresponding output hunting zone is also infinitesimal. 

In general, a stabilization zone is used primarily to pre- 
vent undesirable effects caused by interferences. An example 
of the relation between interference and stabilization zone 
is illustrated in Fig. 17. The upper plot shows the system 
output. The output includes a no-interference output (rep- 
resented by the dash-dot line) and a periodic interference 
component with a fundamental frequency considerably 
higher than the hunting frequency (which determines the 
shape of the no-interference curve). 

The lower plot of Fig. 17 shows the output deviation 
signal, which is used as the input correction signal. In this 
plot, discontinuous ripple signals due to interference are 
shown to the left of the optimum point. 


Critical Stabilization Zone 


If any ripple signals exceed the stabilization-zone limit, 
then an input rate reversal would occur because of the ac- 
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Fig. 17. Effect of a periodic interference in the indicated output hunting zone of a peak-holding optimalizing contro] system (with 
no response delay) when the indicated output deviation signal is used as the input correction signal. 
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Fig. 18. Components of a peak-holding optimalizing-control system to operate air-throttle and ignition-timing adjustments. 


tion of the peak-holding controller. 


In this situation the 


output would start to decrease before the actual optimum 


level is reached. To prevent this from happening, it 


is 


necessary to set the stabilization zone lower than a critical 
stabilization zone, which is defined as the stabilization zone 


barely sufficient to prevent an input rate reversal due 
interference effects alone. 


to 


In Fig. 17b the stabilization zone actually used in oper- 
ation is called the operating stabilization zone. The ratio 
between this stabilization zone and the critical stabilization 


zone is called the stabilization-zone operating ratio. 


The input-drive reversal time and the output hunting 


zone resulting from the use of a critical stabilization zone 


or 


an operating stabilization zone are shown at the right-hand 


side of Fig. 17. 


In general, the output hunting zone of a system is of the 
same order of magnitude as the interferences of the output 
signal used to generate the indicated optimum output level. 
The detailed relation between the interference and the 
output hunting zone is beyond the scope of this article. 


However, the discussion of Fig. 17 shows that in order 


to 


reduce the output hunting zone it is necessary to reduce the 


interference by use of a filter. 


In the discussion of Fig. 14, the complete output linear 
group of the optimalizing system is actually a filter for the 
output signal. The signal that comes from the output linear 
group is called the smoothed output signal because a large 


portion of interference has been removed from this signal. 


The smoothing effect of a first-order system on a high- 
frequency sinoidal function is shown in Fig. 15, J. With a 
single first-order system, the amplitude reduction of the 
high-frequency sinoidal function is approximately propor- 
tional to the ratio of the characteristic time to the period 
of the sine signal. This means that a first-order system 
with long characteristic time has more smoothing effect. 
However, a long characteristic time is always associated 
with a long response delay, which is the price paid for the 


smoothing effect. 


When two first-order systems are used in series, the total 
amplitude reduction is equal to the product of the amplitude 


reduction of each stage, but the total response delay 


is 


only the summation of the characteristic times. For this 
reason an output linear group consisting of several stages 
of first-order systems connected in series is usually more 


desirable than a single-stage first-order system filter. 


In an actual system the linear systems associated with 
the output coupler of the controlled system usually provide 
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some smoothing effect, but it is usually not enough for satis- 
factory optimalizing-control action. For this reason, a 
signal-smoothing system is used in the controller to match 
the linear systems of the controlled system to give the de- 
sired smoothing effect. 


EXPERIMENTAL PEAK-HOLDING OPTIMALIZING-CONTROLLER 
FOR A RECIPROCATING INTERNAL-COMBUSTION ENGINE 


In general, when an operating system is to be controlled 
with an optimalizing system there must be an optimum 
point on the performance characteristic curve of the oper- 
ating system. Furthermore, an optimalizing system is partic- 
ularly useful when the operating system varies in a com- 
plicated manner with the inputs, resulting in random output 
drift. The performance of an internal-combustion engine 
meets these two conditions and was therefore chosen for 
the experimental test. 

The discussion of Fig. 9 shows that a recovery time is 
essential to overcome the drift of the operating system. 
The output hunting loss should be kept as small as pos- 
sible. Therefore, fast recovery time and small output hunting 
loss are the two goals of* an optimalizing-control system. 
In the experimental optimalizing-control system these goals 
were set to include an output hunting loss not exceeding 
1/10 percent of the full power output of the engine, and a 
recovery time of 1/2 minute for a 5-percent initial output 
deviation. 

Fig. 18 shows a peak-holding optimalizing-control system 
for a single-cylinder engine. This arrangement includes 
an input-adjustment selection switch, which alternately 
shifts the control action from one input to the other for 
selected time intervals. This action allows adjustment of 
both air flow and ignition timing to find the optimum er- 
gine performance as shown in Fig. 3. 

The power-absorbing system of Fig. 18 includes a dyna- 
mometer and a speed governor, indicating the possibility 
of using a performance-regulating system in parallel with 
the optimalizing system. 


Circuit Diagram 


Fig. 19 shows the circuit diagram of the peak-holding 
controller. In this diagram the several circuits are suI- 
rounded by dashed-line blocks and labeled according to the 
individual functions corresponding to the components shown 
in the functional diagram of Fig. 12. 


The design of the circuit included the following steps: 
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Fig. 19. Circuit diagram for a peak-holding optimalizing control for the CFR engine. 


(1) The output hunting zone was estimated as three 
times the assumed output hunting loss. 

(2) The static performance characteristic curves of the 
engine were used to find the corresponding input hunting 
zone for the estimated output hunting zone. 

(3) The type and size of the output interferences of the 
engine were analyzed with engine-indicator records; 
with these data it was possible to estimate the tolerable 
magnitude of the interference in the smoothed output signal. 

(4) The response delay of the engine dynamometer sys- 
tem (the output coupler), equal to 0.8 second, was deter- 
mined experimentally. From the desired output-linear-group 
performance function and the known output-coupler per- 
formance function it was possible to determine the per- 
formance function of the output-signal-smoothing system 
and the corresponding response delay, which was also 0.8 
second for the experimental test. 

(5) The input-linear-group response delay of 0.3 second 
was determined experimentally. The sum of the response 
delays of the input linear group and the output linear group 
gave a total response delay of about 1.9 seconds for the 


complete system. The output hunting period was designed 
to be six times the total response delay of the complete sys- 
tem, or 12 seconds. 

(6) The input hunting period was determined by mul- 
tiplying the output hunting period by a factor of two. The 
input adjustment rate was determined from the input hunt- 
ing period, and the input hunting zone determined in step 
number three. 

(7) The recovery time of the system was obtained from 
the input rate and the performance characteristic curve, 
using methods described in the discussion of recovery time. 

Fig. 20 shows a typical record obtained when the C.F.R. 
engine was controlled by a peak-holding optimalizing sys- 
tem. In this record, plot (a) gives the output deviation 
from the optimum output level, plot (b) shows the instants 
at which input drive reversals occurred, plot (c) shows the 
ignition timing, and plot (d) shows the variation of intake 
manifold pressure. All four of these plots have a common 
time axis, which is marked below plot (d). The complete 
test was divided into two sections by the vertical dashed 

Continued on page 350 
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ENGINE OPERATING CONDITIONS : 
SPEED - 1200 rpm 
FUEL FLOW RATE - 0.00061 b/sec 
CYLINDER TEMPERATURE - I80F’ 
BMEP AT OPTIMUM CONDITION - 4ips: 


CONTROLLER OPERATION SETTINGS : 
STABILIZATION ZONE OPERATION RATIO = 2 
SIGNAL SMOOTHING SYSTEM CHARACTERISTIC TIME = 0.8 sec 
STABILIZATION ZONE SETTING = V2 % OF OPTIMUM POWER 


Fig. 20. Performance of a CFR engine operating with the experimental optimalizing-control system. 
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INSTRUMENT 


ELECTRONICS 


The amplifier is a basic electron-tube circuit. Important 


amplifier factors include classification, 


distortion, 
coupling, video amplifiers, bias methods, feedback, 
cathode followers, electrometer tubes, and noise level. 


By MILTON H. ARONSON 


Managing Editor, Instruments 


The first three factors are presented in this installment. 


VIII. AMPLIFIER CIRCUITS 


N electronic amplifier consists of one or more vac- 
A uum tubes and associated circuits that increase a 

signal either in voltage or in current. A tube am- 
plifies because a small grid voltage (the input signal) con- 
trols the plate current, which in turn produces a large /Z 
voltage (the output signal) across the plate load. 

A basic triode amplifier circuit is shown in Fig. 8-1,A. 
The C battery maintains the grid at a negative potential 
with respect to the cathode. The signal to be amplified is 
shown. in series with the grid-bias voltage, E.. The plate 
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Fig. 8-1. Triode amplifier. A, circuit; B, operation. 


load can be any device in the plate circuit through which 
the plate-current variations pass. The output signal is 
the JR or IZ signal produced across the plate load. 


With no signal applied to the grid, there is a steady flow 
of plate current through the load, as determined by the 
bias, B supply, and load resistance. The signal voltage con- 
trols the current variations drawn from the B supply, which 
is the source of all plate current. The plate current increases 
when the grid goes less negative and decreases when it 
goes more negative. Thus there is a 180-degree difference 
in phase between input signal and output signal—that is 
one is at a positive peak when the other is at a negative 
peak. 

As shown on the E,-I,, curve in Fig. 8-1,B, the C battery 
selects the operating point of the tube. This point usually 
is selected on the linear portion of the characteristic curve. 
The steady flow of plate current through the load resist- 
ance determines the plate operating voltage, E,. The plate 
operating voltage (the voltage difference between plate and 
cathode) is the B-supply potential minus the drop across 
the load. The potential variations across the load are the 
output signals, and should not be confused with the static 
operating potential of the plate, which usually is independ- 
ent of signal voltage. 


CLASSIFICATION OF AMPLIFIERS 


According to Frequency 

Amplifiers can be classified according to the frequency 
ranges over which they operate. The four general types 
are direct-current (d-c.), audio-frequency (a-f.), video- 
frequency, and radio-frequency (r-f.) amplifiers. A d-c. 
amplifier can amplify a d-c. signal. Audio-frequency am- 
plifiers are designed to amplify a-c. signals from about 15 to 
about 15,000 cps. 

Frequencies above 15,000 cps. are considered radio fre- 
quencies. The term “video frequency” refers to the fre- 
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quencies in the pulse-type signals encountered in radar and 
television—from zero to about 4 Me. 


According to Use 

When classified according to type of service, amplifiers 
are divided into two groups—voltage amplifiers and power 
amplifiers. 

A voltage amplifier is designed to increase the size of 
the input signal voltage without regard to the power de 
livered to the load. Fig. 8-2 shows how the voltage gain of 
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Fig. 8-2. Voltage amplification vs. load resistance for a triode having 8 
mu of 10, a transconductance of 1000 micromhos, and a plate resistance of 
10,000 ohms. 


a tube varies with the load resistance. For high voltage 
gain, a large load resistance should be used. Note that the 
gain approaches (but does not reach) the mu of the tube 
for high load resistance. Most voltage amplifiers have a 
high load resistance so that a large voltage can be developed 
across the load. 

A power amplifier is designed primarily to deliver power 
(high current) to the load, the voltage amplification being 
of secondary significance. Most power amplifiers have a 
low-impedance load that is selected either to give maximum 
power with minimum distortion or to give a desired value 
of plate efficiency. Plate efficiency is the ratio of output 
signal power to d-c. input power (plate current times plate 
voltage). A tube always receives more plate power from 
the B supply than it delivers as useful output power. The 
difference between the plate input power and the plate out- 
put power is power dissipated by heating the plate. 

The vacuum tube delivers the output signal to the load. 
As explained previously, maximum power is delivered to 
the load when the impedance of the load equals the internal 
impedance of the source, which is the plate resistance of 
the tube. However, a low value of load resistance introduces 
amplitude distortion of the output signal. As a compromise, 
most triode power-amplifier stages have a load impedance 
that is two or three times greater than the plate resistance 
of the tube. Although a small amount of power is sacrificed 








ANSWERS TO QUIZ VII.—RECTIFICATION 
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7-1. 7 

7-2. 727, (9-48, Ha)” - 747. Ge) 67-22. oS 
7-3. (d) 7- 8. (d) 7-13. (d) 7-18. (b) 7-23. (b) 
7-4. (ce) 7-9. (a) 7-14. (b) 7-19. (d) 7-24. (a) 
7-5. (b) 7-10. (b) 7-15. (e) 7-20. (c) 7-25. (6) 
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pecause the load impedance is higher than the source im- 
ce, the amplitude distortion is less. The correct value 
of load impedance for pentodes is designated in tube man- 


uals. 


According to Bias 

In addition to classification by frequency and use, vac- 
wum-tube amplifiers can be classified according to the bias 
voltage applied to their grids—that is, according to the por- 
tion of the a-c. signal cycle during which plate current 
fows. When classified according to bias, amplifiers are 
dass A, class AB, class B, and class C. 

Class-A amplification—If the grid of an amplifier tube 
js biased so that plate current flows throughout the cycle 
of the a-c. signal voltage, the stage is called a class-A am- 
plifier. Class-A operation is illustrated on the E,-/,, charac- 
teristic curve of Fig. 8-1,B. Note that plate current flows 
during both positive and negative half cycles of the a-c. 
signal applied to the grid. Class-A operation usually is 
used to produce a plate-current waveform that is an exact 
reproduction of the signal-voltage waveform. Therefore, 
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Fig. 8-3. Distortion in class-A amplifier caused by ex- 
cessive signal. 


the tube must be biased so that it operates on the linear 
portion of its E,-I,, curve. Distortion occurs in a class-A 
amplifier when the tube is biased incorrectly or when too 
great a signal is applied to the grid. Fig. 8-3 shows how 
too large a signal produces distortion on both positive and 
negative peaks. The distortion on negative peaks is caused 
by the tube cutting off; the distortion on positive peaks is 
caused by the grid drawing current. 

Class-A amplifiers are characterized by low distortion, 
low power output, and low plate efficiency (20 to 35 per- 
cent). Voltage amplifiers usually are operated class A. 

Class-B amplification.—If the grid of an amplifier tube is 
biased to cut-off so that plate current flows only during the 
positive half cycles of the applied a-c. signal voltage, the 
tube is said to be operated as a class-B amplifier (Fig. 
8-4,A). As plate current flows only during the positive half 
cycles, the plate-current waveform is not a replica of the 
signal-voltage waveform; the tube acts like a half-wave 
rectifier. 

The signal voltage applied to the grid of a class-B am- 
plifier is usually much greater than that applied to the 
grid of a class-A amplifier. The applied signal may be so 
large that the grid goes positive with respect to the cathode 
and draws grid current. 

Class-B amplifiers are used in audio amplifiers because 
they have an efficiency of about 50 to 60 percent. They have 
this high efficiency because there is no plate current (and 
hence no plate power) when there is no input signal. This 
Means less plate dissipation and more power output for a 
given power input. They generally are used where it is 
desired to develop a relatively large power output in the 
load circuit. 

In order to avoid the large amount of distortion in the 


output of a single-tube class-B amplifier, two class-B 
tubes often are arranged in a push-pull amplifier circuit, 
as shown in Fig. 8-5. One tube operates during the first 
half cycle of the a-c. signal voltage; the other tube operates 
during the second half cycle. The action of the push-pull 
amplifier is similar to that of the full-wave rectifier cir- 
cuit. As plate current flows during the first half of a cycle 
in one tube and during the next half of the cycle in the 
other tube, the plate-current waveform in the load circuit 
is a signal with low distortion. 

Push-pull class-B amplifiers also can be used successfully 
with little distortion in a single-tube radio-frequency am- 
plifier if the load of the tube is a tuned tank. The “flywheel” 
action of a tank circuit at resonance keeps the distortion 
small—that is, the inductive and resonant action keeps 
current flowing smoothly and sinoidally even when the tube 
cuts off for a portion of its cycle. 
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Fig. 8-4. Amplifier operation. A, class B; B, class C. 
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Fig. 8-5. Push-pull class-B amplifier and output. 


Class-AB amplification.—It is possible to compromise be- 
tween the low distortion and low efficiency of class-A am- 
plification and the relatively high efficiency and high dis- 
tortion of class-B operation. The comprise is made by bias- 
ing the amplifier circuit so that it operates halfway between 
class A and class B—that is, the tube is biased heavily but 
not to cut-off. This is known as class-AB amplification. If 
the a-c. signal voltage applied to a class-AB amplifier is 
small enough to keep grid current from flowing, the result- 
ant operation is called class AB,. If the applied signal is 
great enough to cause grid current to flow during the pos- 
itive peaks of the signal-voltage cycle, the resultant op- 
eration is called class-AB, amplification. 

Class-C amplification—If the bias applied to the grid 
of an amplifier stage is appreciably greater than the cut- 
off value, the tube is operated as a class-C amplifier (Fig. 
8-4,B). Plate current flows only during the portion of the 
positive half cycle of the applied a-c. signal voltage in 
which the signal is greater than the cut-off bias of the tube. 

Almost all r-f. power-amplifier circuits in radio trans- 
mitters are operated class C. The parallel-tuned circuits 
used as plate loads in these amplifiers change the pulsating 
output waveform into a sinoidal waveform because of fly- 
wheel effect, as for class-B amplifiers. Class-C operation 
is very efficient—70 to 75 percent. The efficiency is high 


March 1952—Jnstruments—Page 329 








C4 








R5 OUTPUT 
i 











Fig. 8-6. RC-coupled amplifier stages. 


because plate current flows only for a small part of each 
cycle. 


DISTORTION 


Distortion in amplifiers can be of three types—amplitude, 
frequency, and phase distortion. The effect of any distortion 
is to make the output signal differ in shape from the input 
signal. An amplifier can have any one or all three types of 
distortion. 

Amplitude distortion results from operating on the non- 
linear portion of the characteristic curve, as shown in Figs. 
8-3 and 8-4. In distortion-free class-A signal amplifiers the 
bias voltage and the signal voltage should be such that the 
signal voltage drives the grid only over the linear portion 
of the curve. 

Frequency distortion occurs when all the frequencies in 
the input signal are not amplified equally in the amplifier. 
This distortion can be minimized by designing the amplifier 
so that it amplifies all important frequencies equally. This 
is done primarily by choice of plate load. 

Phase distortion occurs when the phase relations of the 
different frequencies contained in the output signal are 
shifted so that the output waveform differs from the input 
waveform even though all frequencies are amplified equally. 
Phase and frequency distortion can be caused by improperly 
designed coupling networks. 


COUPLING 


Most electronic circuits need more than a single stage 
of voltage or power amplification. To obtain greater gain, 
several stages are connected in series. As the output of one 
stage becomes the input of the succeeding stage this ar- 
rangement is called a cascade amplifier. A 3-stage cascade 
amplifier, each stage of which has a gain of 10, has a to- 
tal gain of 1000. 

A-f. and r-f. amplifiers use different methods for cou- 
pling amplifier stages. There are several methods of cou- 
pling, each of which has certain advantages and disadvan- 
tages. The basic methods are (1) resistance-capacitance 
coupling, (2) impedance coupling, (3) transformer coupling, 
and (4) direct coupling. 


Resistance-capacitance Coupling. 


Resistance-capacitance (RC) coupling is one of the most 
widely used methods for coupling audio and video voltage 
amplifiers. An RC-coupled amplifier is illustrated in Fig. 
8-6. Capacitor C, and resistor R, are the coupling units. 

A small signal voltage applied to the grid of the first 
stage is amplified into large voltage variations across load 
resistance R3 in the plate circuit. Coupling capacitor C4 cou- 
ples the a-c. signal from the plate of the first stage to the 
grid of the second stage. The capacitor also prevents the 
d-e. voltage on the plate of the first stage from reaching 
the grid of the second. Grid resistor R, provides a d-c. path 
to ground for electrons that collect on the grid side of the 
coupling capacitor. The R,-C3 network is a decoupling net- 
work, which will be described later. 

The chief advantage of a resistance-capacitance-coupled 
amplifier is ability to amplify all signals in a wide range 
of frequencies. This is shown by the frequency-response 
curves for a typical RC-coupled audio-frequency amplifier 
(Fig. 8-7). The frequency scale, plotted horizontally, is 
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Fig. 8-7. Effect of load resistance on amplification at various frequencies, 


logarithmic in order to allow a wide range of frequencies 
to be plotted. The separate curves are made for various 
values of load resistance (R3 in Fig. 8-6). 

If the gain of the stage is to be large, the plate-load re. 
sistor should be as large as possible. However, Fig. 8-7 
shows that a large load resistance gives high amplification 
but poor high-frequency response. A low value of plate 
load gives good high-frequency response but weak amplif- 
cation. In practice, a compromise is made between adequate 
frequency response and reasonable amplification. 

The drop in response at the low-frequency end of the 
curve is caused by reactance of the coupling capacitor, 
which becomes large at low frequencies. The drop in re- 
sponse at high frequencies is caused by the interelectrode 
and distributed capacities, which shunt the higher-frequency 
signals to ground. The response can be improved by com- 
pensation techniques, which are described later. 

The capacitance of the coupling capacitor should be 
large to avoid the loss of low-frequency signals. However, 
too large a capacitor cannot be used because large signals 
cause the grid to attract electrons which charge the capac- 
itor, make the grid go too negative, and cut off the tube 
until the charge leaks off the capacitor. A tube cut off in 
this manner is said to be “blocked.” As a large capacitor 
takes a long time to discharge through the grid resistor, 
a large capacitor cannot be used because the tube would be 
blocked for a long time. Thus the value of the coupling 
capacitor and the grid resistor is a compromise to allow 
accumulated charge to leak off rapidly and yet avoid the 
loss of low-frequency signals. 

The chief advantage of resistance-capacitance coupling 
in amplifiers is equal amplification (flat frequency response) 


‘over most audio frequencies. Other advantages are cheap- 


ness, compactness, and ruggedness. A disadvantage of 
RC coupling is that there is no voltage step-up in the cou- 
pling circuit, as can be obtained by transformer coupling. 


Impedance Coupling 

Impedance coupling is like RC coupling except that the 
former uses an inductor as the plate load of the amplifier 
stage, as shown in Fig. 8-8. The advantage of using an in- 
ductor instead of a resistor is that the d-c. resistance of 
the inductor is low. Thus, the d-c. plate current causes 
little voltage drop across the low resistance of the inductor, 
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Fig. 8-8. Impedance-coupled amplifier. 
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Fig. 8-9. Transformer-coupled amplifier. 


yet the impedance of the inductor to the a-c. signal is large 
enough to yield satisfactory gain. The advantage of low 
d-c. drop across the plate load is that more B voltage is 
available for use in the tube. Thus the tube can have a 
higher operating plate voltage and higher gain with the 
same B supply. 

A disadvantage of impedance coupling is that the am- 
plification for various frequencies is not uniform. The in- 
ductive reactance of the coil is small for low-frequency 
signals and large for high-frequency signals. Thus, im- 
pedance coupling gives greater amplification as the signal 
frequency is increased. 


Transformer Coupling 

As shown in Fig. 8-9, transformer coupling uses ar a-f. 
or r-f. transformer for coupling the signal between stages. 
The primary of the transformer is the plate load of the 
first stage. The secondary voltage is applied to the grid of 
the following stage. Like impedance-coupled amplifiers, 
transformer-coupled amplifiers have the advantage that 
plate current causes low d-c. voltage drop across the pri- 
mary. Another advantage is that if the secondary has more 
turns than the primary, the output voltage is stepped-up 
in direct proportion to the turns ratio. Thus voltage gain 
is obtained from the coupling transformer. 

Transformer coupling is particularly adaptable for cou- 
pling push-pull power amplifiers because a transformer can 
supply voltages that are equal in amplitude and 180 degrees 
out of phase, as shown in Fig. 8-5. 

The frequency response of most transformer-coupled am- 
plifiers is. poor for both high and low frequencies. The loss 
in amplification at low frequencies is caused by the low 
reactance of the transformer primary at low frequencies. 
Amplification falls off sharply at the higher frequencies 
because of distributed capacity, leakage inductance, and 
a-c. losses in the iron core. Also, there may be one or two 
frequencies at which the inductance of the transformer 
windings resonates with stray capacitances of the circuit. 
This causes increased amplification at the resonant fre- 
quencies. 

In class-AB, and class-B a-f. amplifier circuits, a more 
important requirement necessitates the use of transformer 
coupling. Most power amplifiers have such large signals 
applied that the grids are driven positive for part of the 
signal cycle. When this occurs, the tube draws grid current. 
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; Fig. 8-10. Direct-coupled amplifier. 


If the grid circuit of the tube has a resistor, the grid cur- 
rent flowing through this resistor produces a bias voltage 
that can reduce the power output, cause distortion, or block 
the stage. The d-c. resistance of the grid circuit of such am- 
plifiers, therefore, must be kept small. The low d-c. resist- 
ance of the secondary winding of the transformer satisfies 
this requirement. Thus, transformer coupling always is used 
for class-AB, and class-B a-f. power-amplifier circuits. 

Transformers are used commonly for impedance match- 
ing. To obtain the maximum transfer of power from the 
plate circuit of the preceding stage to the grid circuit of 
the following stage, the output impedance of the first stage 
must match the input impedance of the second stage. 
This requirement is met conveniently and efficiently by a 
transformer with the proper turns ratio. 


Direct Coupling 

In the coupling circuits that have been considered, the 
coupling device isolates the d-c. voltage of the plate circuit 
from the following grid circuit and allows only the a-c. 
signal to pass through the coupling device. In a direct- 
coupled amplifier the plate of one tube is connected di- 
rectly to the grid of the next tube without any blocking or 
coupling device, as shown in Fig. 8-10. As the plate of the 
first tube is more positive in voltage than its cathode, 
the grid of the second tube also is at a positive potential. 
As this grid must have a negative voltage with respect to 
its cathode, the cathode must be connected to a potential 
that is more positive than the grid. This can be done by a 
special voltage-divider network, as shown in Fig. 8-10. 


The voltage-divider is selected so that point C is slightly 
more positive than the plate of the first tube. This pro- 
duces proper bias for the second tube. Note that both 
tubes can use only a part of the total B voltage. The plate 
voltage available for the first tube is the voltage between 
B and D. The plate voltage for the second stage is from 
C to E. The voltage divider can be eliminated by using 
separate B supplies for each stage. 

When the tube voltages are adjusted to give class-A op- 
eration, the circuit is a distortionless amplifier, the fre- 
quency response of which is uniform over a wide range 
from d.c. to many kilocycles per second. Direct-coupled 
amplifiers are used to amplify very low frequencies be- 
cause the impedance of the coupling element does not vary 
with frequency, as in other type couplings. 

Chopper-type d-c. amplifiers—An inherent disadvantage 
of direct-coupled amplifiers is instability. The d-c. oper- 
ating plate voltage of a tube drifts slightly because of tem- 
perature changes, power-supply variations, ete. In a-c. 
coupled amplifiers, the d-c. operating plate voltage is blocked 
by the coupling capacitor or inductor, but in direct-coupled 
amplifiers the drift is a serious source of error that be- 
comes serious in high-gain amplifiers. 

To eliminate this source of error, most high-gain d-c. 
amplifiers use the chopper, or breaker, principle. The low- 
voltage d-c. signal to be amplified first is “chopped” by a 
vibrator to produce a pulsating d-c. signal. This signal 
then is amplified in a conventional a-c. amplifier and is 
rectified at the output if a d-c. output is desired. 

To be continued 


TEST ITEMS FOR—VIII. AMPLIFIER CIRCUITS 


8-1. The operating plate poten- (b) from 15 to about 15,000 
tial of an amplifier stage usually eps. only 
is independent of (c) from zero to about 4 Me. 


(a) 


signal voltage 


only 


(b) bias voltage (d) above 4 Me. only 
(c) B-supply voltage 8-4. The term “radio frequency” 
(d) load resistance refers to frequencies 
8-2. The term “video-frequency (a) above 15,000 cps. only 
band” refers to frequencies (b) from 15 to 15,000 eps. only 
(a) above 15,000 cps. only (c) from zero to 4 Me. only 
(b) from 15 to about 15,000 (d) above 4 Me. only 
cps. only 8-5. A voltage amplifier differs 
(c) from zero to about 4 Mc. from a power saueaet in that the 
only former has 
(d) above 4 Mc, only (a) better frequency response 
8-3. The term “audio-frequency (b) higher load impedance 
band” refers to frequencies (c) fewer stages 


(a) 


above 15,000 eps. only 


(d) all the above 


Continued on page 360 
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E.... is the radiation-sensing unit for 9 out of 
every ten radiation-pyrometer uses. It adds the 
storekeeping advantages of smaller instrument in- 
ventory to the operating advantages* of all Rayo- 
tubes. Many hundreds of this type are now in use. 
Among its features: 


1. Easy to install because it needs no water- 
jacket unless the head housing itself (shown above) 
reaches interior temperature of 350 F. Even then, 
no harm is done below 450; accuracy decreases 
above 350, but returns fully as temperature drops. 
In practical operation, even 350 is reached on very, 
very few installations. 


When replacing a present jacketed Rayotube 
with this type, it is not necessary to tear out the 
jacket and piping. Simply insert Rayotube in 
jacket and turn off water if no longer needed. 





*Any L&N man can give details 
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FURNACE WALLS 


DIRECT SIGHTING 


2. New, quick-sighting optical system shows ex- 
act area from which temperature is being recorded. 
This is especially helpful when instrument is being 
positioned to point down an open-end tube and 
measure directly the surface temperature of parts 
being heated. 


3. Can be used with Speedomax electronic in- 
struments as well as with Micromax equipment— 
which blanket every temperature-recording and/or 
controlling job in industry. 


This Rayotube is No. 8890. Any L&N office, or 
headquarters at 4955 Stenton Ave., Phila. 44, Pa., 
will send details on request. 
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Section Secretaries, Meeting Data and Programs 


AKRON 
Russell F. Marquardt, 1782 Tonawanda Ave., 
Akron 5, Ohio. Tel: ST-6865 
Fourth Tuesday, Meeting 8:15 P.M., U. of 
Akron, Ayer Hall, Rm. 212-B. 
ALBUQUERQUE 
W. E. Bostwick, 304 So. Princeton, Alb 
que, N. Mex. 
First Monday, Meetin 
Hall, Univ. of N. 
ARUBA 
J. L. Lopez P. O. Box 203, c/o Lago Oil & 
apeoeet Co. Ltd., Aruba, N. W. I. Tel. 


vat a 7:30 P. M., Engr’s Club. 
ATLANTA 

M. Virgil — 357 Sixth St., N.W. Atlanta, 
Ga. Tel. 3042 

Fourth Fridew Meeting 7:30 P.M., Electric 

* Bldg., Georgia Power Co. 
BALTIMORE 

G. B. Greer, 681 East 36th St., Baltimore 
18, Md. Tel: CHesapeake 6879 

Second Friday, Meeting at 8:00 P.M., Ener’s. 
Club of Baltimore. 

BATON ROUGE 

G. M. eg ay | 1813 Edinburgh Ave., Ba- 
ton Rouge 

Meeting srt L.S.U. Physics Bldg. 

BOSTON 

Stephen E. Lord, 60 Seeeneey Ave., Quincy 69, 
Mass. Tel: MA 9-10 

Fourth Wednesday, ae at 6:30 P. 
Meeting at 7:30 P. M., 99 Club, 99 state BC 

CALIFORNIA 

Gerald B. Miller, 4622 Halbrent Ave., Sherman 
Oaks, Calif. 

Second Wednesday. Dinner at 6:30 P. M. Meet- 
ing at 8:00 P. M., Carolina Pines, 7315 Mel- 
rose Ave., Los Angeles 

April 9, Dinner 6:30 P.M., at Knotts Berry 
Farm. Meeting 8 P.M.—Inspection tour of 
Brea Research Center, Union Oil Co. of 
Calif. 

CAROLINA PIEDMONT 

L. Frank Lawrence, 3023 Somerset Dr., Char- 
lotte N. C. 

CENTRAL ILLINOIS 

= Getz, 723 Laura Ave., Peoria 5, Ill. Tel: 

First RS Dinner at 6:30 P.M., Meet- 
ing at 7:30 P.M. 

CENTRAL INDIANA 

Norman Krone, 123 N. Grant Ave., 
apolis, Ind. Tel: IRvington 5337 

First Tuesday, Meeting at 7:30 P. M. 

ee NEW YORK 
G. Murray, 169 Durston Ave., Syracuse 6, 
" Y. Tel: 9-9259 

Third Monday, Dinner at 6:00 P. M., Meeting 
at 8:00 P. M. 

April 14, Meeting at Sclvay Process Div. Sub- 
ject: Temperature and Flow Measurement 
in Aircraft Gas Turbines. Speaker: F. O. 
MacFee, General Electric Company. 


a gy nage 
D. A. Cunningham, 5140 Washington Ave., 
S.E., Charleston, W. Va. Tel. 55403 
First Monday, Dinner at 6:15 P.M.. Meeting 
-_" P.M., Kanawha Airport Terminal 


CHICAGO 

Floyd E. Ertsman, Rm. 1420, Fisher Bldg., 343 
S. Dearborn St., Chicago 4, III. Tel: 
WE 9-0686 

First Monday, Dinner at 6:30 P. M., Meeting 
at 8:00 P.M., Hotel Shoreland. 

Apr. 7, Subject: Instrumentation in Auto and 
Tractor Industry. To be held at Museum of 
Science and Industry. Sponsored by Commit- 
tee on Transportation Instrumentation. 


CHINA LAKE 
Beuhring W. Pike, 606-A Essex Circle, China 
Lake, Calif. 
Fourth Thursday, Meeting at 
Michelson Lab, USNOTS. 


CINCINNATI 
R. J. Eichner, 1900 Courtland Ave., Norwood 
12, Ohio. Tel: Jefferson 3130 
Second Monday, Dinner at 6:30 P.M., Meeting 
8:00 P.M., Engineering Soc. of Cinn. 


CLEVELAND 
G. D. Carnegie, 3436 Lorain Ave., 
Ohio. 
Ss d Wednesday, Dinner at 6:30 P. M., 
Meeting at 8:00 P.M., Cleveland Eng’r. 
Society, 2136 E. 19th St. 


COLUMBUS 
E. M. Chandler, 91 E. Como Ave., Columbus 
2, Ohio. Tel: JE 9994. 
Third Thursday, Meeting at 8:00 P.M., Battelle 
Auditorium 


CUMBERLAND 


Clyde oa 225 Cecelia St., Cumberland, Md. 
Tel: 583-W 





4 


at 8:00 P.M., Mitchell 


Indian- 


8:00 P.M., 


Cleveland, 
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Fourth Wednesday, Dinner at 6:30 P. M., 
Meeting at 8:00 P. M., Alighan Shrine 
Country Club, Baltimore Pike. 

DENVER 

G. M. Peters, 3191 W. Denver Place, Den- 

ver 11, Colo. Tel: GRand 9073 


DETROIT 
Frank R. Davis, Edison Institute, Dearborn, 
Mich. Tel: LO 1-1620 Ext. 5517 


Third Tuesday, Dinner at 6:30 P.M., Meeting 


at 8:00 P.M., Rackham Bldg. 


EASTERN NEW YORK 
Robert W. Carter, Sterling-Winthrop Research 
Institute, Rensselaer, N. Y. Tel. Albany 
5-6251 Ext. 262 
First Tuesday, Meeting at 8:00 P.M., Siena 
College, Loudonville, N. Y. Optional Dinner 
at 6:00 P.M., Circle Inn, Lathams, N. Y. 


GULF COAST 


Harold Placette, 2440 Neches Ave., 
Arthur, Texas 


Last Tuesday, Meeting at 7:30 P.M., Orange 
County Courthouse, Orange, Texas. 


Port 


HOUSTON 
I. K. Farley, Brown Instrument Co., 2123 
gg St., Houston, Texas, Tel: Charter 


Last Monday, Meeting at 8:00 P.M., University 
of Houston Library Building. 
KANSAS CITY 
J. — 8827 Maiden Lane, Kansas City 


5, Mo. 

First Tuesday, Meeting at 7:30 P.M., U. of 
Kansas City, Science Bldg., Rm. 106. 

Apr. 8, Subject: Electro-Mechanical Measure- 


ment, Amplification, and Transmission. 
Speaker: Garland Roper, Manning, Maxwell 
and Moore. 

LOUISVILLE 


Cc. bs Bosworth, 5336 Westhall Ave., Louisville, 


wink, Monday, Meeting at 8:00 P.M., Seagram 
Auditorium. 


eg 
L. E. Henne, Bristel Co. of Canada Ltd., 
712 Dominion Square Bldg., Montreal, Que- 
bec, Canada Tel: UNiversity 6-4725. 
Last Monday, 8:00 P.M., Mechanic’s Institute. 


NEW JERSEY 
L. -H. ag 2371 Channing Ave., West- 
field, J. Tel: Westfield 2-0765M 
First Seay. Meeting at 8:00 P.M., Essex 
House, Newark. 
April 1, Symposium on “The Use and Appli- 
cation of Control Valves.” 


NEW ORLEANS 
W. H. Haney, 2927 Music St., N. O. 22, La. 
No Regular Date, Meeting at 8:00 P.M. 


NEW YORK 
F. B. Leslie, 520 South 14th St., 
Park, N. Y. Tel: FI-7-0645. 
Last Monday, Dinner at 6:00 P.M., Meeting at 
-7:45 P. M., Hob Nob Club, 108 E. 41st St. 


NIAGARA FRONTIER 
Mrs. James L. Martin, 34 Manning Rd., 
Eggertsville 21, N. Y. Tel: WIndsor 0087 
Fourth Monday, Dinner at 6:30 P.M., Meeting 
at 8:00 P.M., N. Y. State Inst. of Arts and 
Sciences, Buffalo. 
NORTH TEXAS 
R. E. Byers, 6000 Lemmon Ave., 


NORTHERN CALIFORNIA 
Bert L. Anderson, 1951 47th Ave., San Fran- 
cisco 16, Calif. Tel: SEabright 1-5030 
Third Monday, Dinner 6:30 P. M., Meeting 
8:00 P.M., Spengers Grotto, 1919-4th St., 
Berkeley. 


NORTHERN INDIANA 

J. Baum Beckman, 7145 Wicker Ave., Ham- 
mond, Ind. Second Tuesday, Meeting at 7:30 
a” Whiting Community Center, Whiting, 
nd. 

Apr. 8, Subject: The Application of Plug and 
V-Port Valves. Speaker: From Fisher Gov- 
ernor Co. 


OAK RIDGE 
George Ritscher, 113 Gorgas Lane, Oak Ridge, 
Tenn. Tel. 5-1084 
First Wednesday, Meeting at 7:30 P.M., 
Ridge Recreation Hall 
April 2, Subject: Radioactive Isotope Tracer 
Techniques and Applications. Speaker: J. 
Kohl, Tracerlab, Inc. 
ONTARIO 
John W. Huether, 311 Southerland Dr., Lea- 
side. Ontario, Canada. Tel: HU-7114 
Third Thursday, Meeting at 8:00 P.M. Friend- 
ship Hall, College St. United Church, Toronto 
PANHANDLE 
Bruno F’. Loewen, Philips Chem. Co., Box 1526, 


Borger, Texas. 
Third Tuesday, Meeting at 8:00 P.M. 


New Hyde 


Dallas 9. 


PERMIAN BASIN 
J. B. Jenkins, 509 South Ave. 
Texas. Tel: 3220 
Second Tuesday, Meeting at 7:30 P. M., Guit 
Oil Corp. Auditorium or Odessa College, 


PHILADELPHIA 
R. A. Trenner, Energy Control] Co. Rm. 306, 
3147 N. Broad St., Philadelphia 32, Pa. Te]: 
SA 2-7900 
Third Wednesday, ee at 8:00 P.M., Belle 
vue-Stratford Hote 


PITTSBURGH 

W. C. Langerman, Fisher Scientific Co., 711 
Fume St., Pittsburgh 19, Pa., Tel. Express 
1-1330 

Fourth Monday, Dinser at 6:30 P.M., Meetings 
at 8:00 P.M., Roosevelt Hotel. 

April 3-4, Conference Sponsored by Pittsburgh 
Section ISA and Carnegie Institute of Tech. 
nology, Subject: Instrumentation for the 
Iron and Steel Industry. 


PRESQUE ISLE 

Edwin P. Schuwerk, 445% Halley St., L. P., 
Erie, Pa. Tel: 2-3349 

Fourth Tuesday, Mosting at 8:00 P.M., G. E. 
Community Center, East Lake Rd., Erie, Pa. 

Mar. 25, Subject: Control Valves "and Posi- 
tioners. Speaker: From Fisher Governor Co, 

April 22, Election of Officers. Film—‘Prine. 
iples of Automatic Control.” 


“C," Kermit, 


RICHLAND 
T. H. Quinn, 1513 Goethals Dr., Richland, 
,, Wash. Be 17-8717 


day, Meeting at 7:30 P.M. 
age ne Legion’ Hall. 


ROCHESTER 





R. C. Schwarz, Jr., Foxboro Co., 1201 Granite 
Bldg., Rochester 4, BY. Tel: Hamilton 
1468. 

Fourth Tuesday, Meeting at 8:00 P.M., Univ. 
of Rochester, Physics Lecture Hall. 

SARNIA 

L. J. Hall, 730 Talfourd St., Sarnia, Ont., 

Canada. Tel: gewater 


Second Monday, 8:00 P.M., Y. M. —Y.W.C.A. 


SOUTH TEXAS 
H. C. Givens, La Gloria 1 P.O. 687, Fal- 
furrias, Texas. Tel: 122-W 
First Wednesday. Meeting at 7:30 P.M. 


SOUTHERN MICHIGAN 
—_. = Draper, 2233 Oakland Dr., Kalamazoo, 
ich. 
Fourth Wednesday, 8:00 P. M., Dinner at 6:30 
P. M., Chicken Charlie’s, Kalamazoo. 


ST. LOUIS 
ba ee Delor St., St. Louis 16, Mo. 
e! 
First Weinesday After First Monday, Meeting 
at 8:00 P.M., Engineer’s Club of St. Louis. 
April 9, Subject : Electro-Mechanical Measure- 


ment, Amplification, and Transmission. 
Speaker: Garland Roper, Manning, Maxwell 
and Moore. 

rOLEDO 


P. H. Girkins, 418 Waggoner Blvd., Toledo 
12, Ohio. Tel: LA 6505 

Third Tuesday, Meeting at 8:00 P. M., Service 
Bldg., Toledo Edison Co. 


TENNESSEE 
James L. Williams, 2237 Bruce St. Kingsport, 
Tenn. Tel: 2079-L 
Fourth Thursday, Civic Auditorium. 


TULSA 
Ss. a tag a 1544 E. 85th Pl., Tulsa 5, Okla. 
e 

First seater, Meeting at 7:30 P.M., Engi- 
neering Bldg., Tulsa Univ. 

Apr. 7, Subject: Electro-Mechanical Measure- 
ment, Amplification and Transmission. 
Speaker: Garland Roper, Manning, Maxwell 
and Moore. 


TWIN CITIES 
Jerome J. Schwab, Engineering Sales, 516 
Guardian Bldg., St. Paul 1, Minn. Tel: 
GArfield 0601 
Fourth Tuesday, Dinner at 6:30 P.M., Meeting 
7:30 P.M., Rm. 353, Coffman ‘Memorial 
Union, U. of Minn. 


WASHINGTON 
Edward C. Lloyd, 2105 - Road, 
Spring, Md. Tel: SH. 
Third Monday, Meeting oi :: :00 P.M., P. E. P. 
Co. Auditorium. 


WAYNE COUNTY 
J. R. McCauley, 18073 Archdale, Detroit 19, 
Mich. Tel: KE 1-5239. 
Third Monday, Meeting at 8:00 P.M., Larson's 
Cafe, Lincoln Park, Mich. 


WILMINGTON 
E. Avery Taylor, Taylor Instrument Co., In- 
dustrial Trust Bldg., Rm. 510, Wilmington, 
Del. Tel: 9814. 
Third Tuesday, Nesting at 8:00 P.M. Harlan 
Public School, Wilm 
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Continuous Recording Electrometric Titrometer 


With Special Reference to Control of Gasoline Refining 
K. E. HALLIKAINEN* and D. J. POMPEO* 


PON adoption by certain refiner- 
Uies of the solutizer process ** for 
the removal of mercaptan sulfur from 
gasoline, a self- recording, semi-auto- 
matic mechanized electrometric titro- 
meter? was developed to supplement 
the not-too-satisfactory doctor test’. 

The semi-automatic titrometer princi- 
ple of operation is based on the meth- 
od of potentiometric determination of 
mercaptans described by Tamele and 
Ryland’ as modified by Lykken and 
Tuemmlers. 

This instrument requires the »pera- 
tor to place a measured amount of 
gasoline and reagent in a vessel and 
press a button to start the titration. 
The instrument then titrates to a given 
end point and records the quantity of 
conductive solution required which is 
converted directly to per cent mercaptan 
in the gasoline. 

While this instrument performs sat- 
isfactorily for spot test measurements, 
a completely automatic on-stream in- 
strument is desirable for some appli- 
cations. Such an instrumentf was con- 
structed in 1948, consisting of two 
Zenith’ pumps — one for pumping the 
liquid to be titrated at a constant rate 
and the other for pumping the titra- 
tion liquid at a rate to keep the com- 
bined solution at an equivalence value. 
The rate of pumping the titration liq- 
uid was then recorded as the per cent 
mercaptan present. 


OTHER AUTOMATIC TITROMETERS 


A number of other automatic ap- 
paratus for recording titrations have 
been described in the literature. Kor- 
datzke and Wulff* describe an appar- 
atus which records the cell potential 
in terms of the quantity of reagent 
used. A commercial adaptation of this 





*Shell 
California. 


7Patent applied for. 


Development Company, Emeryville, 





Presented before the Sixth Annual Conference 
of the Instrument Society of America, at Hous- 
ton, Texas, Sept. 10-14, 1951. 


Statements and opinions expressed herein are 
those of the authors, and not necessarily those 
of the Society. 


type of instrument is manufactured by 
Preeision Scientific Company®. Shenk 
and Fenwick” have developed a titro- 
meter which automatically stops an 
electrometric titration at a predeter- 
mined point. Keeler" describes one of 
the first continuous titration systems 
used for controlling the alkalinity of 
boiler feed water. 

Sheen” describes several automatic 
titration systems using reciprocating 
plunger pumps for accurately meter- 
ing both the sample and reagent. Aus- 
tin, Turner and Percy ™ and Shaffer, 
Briglio and Brockman™ describe auto- 
matic titrometers of the dead-stop end 
point type where the sample is contin- 
uously metered into a titrating vessel 
and the reagent electrolytically gener- 
ated, This apparatus has been used for 
the determination of H.S, SO. and mer- 
captans in gases. 


SELECTION OF EQUIVALENCE VALUE 


The procedure for the usual manual 
titration is to disolve the sample in an 
alcoholic sodium acetate titration sol- 
vent and to titrate electrometrically 
with alcoholic silver nitrate solution, 
using as indicator the potential be- 
tween a glass reference electrode and 
a silver sulfide indicating electrode. 
The titration to the mercaptan end 
point gives the mercaptan content. 

Fig. 1 shows five of these manual 
titration curves with the end points 
indicated. The per cent weight of mer- 
captan as sulfur can then be calculated 
with the aid of the following formula: 

Mo>rcaptan, % wt as 


(A) (N) 3.206 
S= 





WwW 
where 
A = volume of silver nitrate solu- 
tion, milliliters, used in titrating the 
sample. 


N = normality of the silver nitrate 
solution. 

W = weight of sample, grams. 

From an inspection of Fig. 1, it can 
be seen that if the end point were 
taken as plus 250 mv, the error made 
in the calculation of mercaptan con- 
tent would be less than 1 per cent. 
This is what is done in the semi-auto- 
matic titrimeter*. However, in the 
automatic titrometer the end points 
are taken along line A-B and the cor- 
rection made in the calibration of the 
recorder. 


GENERAL DESCRIPTION 


The instrument is shown schemati- 
cally in Fig. 2. It consists of: 

(1) Means of metering test liquid. 

(2) Means of metering titrating 
liquid. 

(3) Titrating vessel. 

(4) Electrometer for determining 
glass and silver electrode potential. 

(5) Amplifier to supply the quad- 
rature voltage for the titration solu- 
tion pump motor. 

(6) Recorder and d-c generator for 
recording the titration solution pump 
speed. a 


Means of Metering Test Liquid: The 
test liquid is metered with a Zenith 
gear pump driven at a constant rate 
with a synchronous motor. When gaso- 
line is the test liquid, a differential 
pressure regulator is added to the sys- 
tem to reduce vaporization. This va- 
porization is caused by the heat gen- 
erated in the pump due to the ex- 
tremely close clearance of rubbing 
parts (in certain parts, amounting to 
25 micro inches) and to the poor lubri- 
cating qualities of gasoline. In addi- 
tion, the differential-pressure regulator 
elimiates the necessity of reducing the 
normal plant pressure to a low value 
to avoid excessive slippage across the 
pump. 

The differential pressure regulator, 
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Fig. 1 Manual Titration of Mercaptan in Gasoline 


Page 22 


1.S.A. Journal—Vol. 8 


Glass and Silver 
Electrodes 





To Drain 


Titrating Vessel 


Fig. 2 Electrometric Titrometer—Schematic Diagram 


Instruments—Page 335 


March 1952 


























No. 2 Feedbac’ 


No. | No Feedback 








0 
“or 
° — 
a 
¢30r 
E Ls s 
i = 
a 5 100} 
an 20 bh 2 
E z 
pat — 
3 
Fiok 
c 
*s 
3 
Reference tn ‘_ i 1 i i 1 i 
Pressure ° 20 ‘ 200 
Input Pressure pow rx 


€ reese Sectional View 


Fig. 3 Differential 


shown in Fig.. 3 with its operating 
characteristics, was specially con- 
structed since none were available 
commercially. The pump is connecte.! 
in the system so that it is under plant 
operating pressure and the pressure 
drop across the pump is small. 

The synchronous motor used for 
driving the pump has a built-in gear 
train reducing the speed to 15 rpm 
when operated from a 60-cycle sourc2 
of power. With this operating speed, 
the pump delivers 4.5 ml per minute of 
gasoline to the titrating vessel. If the 
motor is driven from a constant fre- 
quency source, variations in speed can 
be neglected. 

A 200 mesh screen filter is provided 
in the inlet of the pump to prevent 
foreign matter fronf damaging or 
clogging the pump. 

Means of Metering Titrating Solu- 
tion: The titrating solution is also 
metered with a Zenith gear pump, but 
no special provision for reducing the 
pressure drop across the pump is 
necessary since the inlet pressure is in 
the order of 1/2 psig. This pump is 
driven by a two-phase motor at a rate 
sufficient to keep the combined solu- 
tion at a pre-determined equivalence 
value. One of the motor fields is con- 
nected directly to the 60-cycle power 
source and the other receives its power 
from the amplifier which is excited by 
the electrometer. 

The titrating solution supply is con- 





hte Ki a Oe 


Page 336—Instruments—Vol. 25 


Pressure Regulater and Characteristics 


Fig. 5 Front View Mercaptan Anal 


Fig. 4 Relation 
tained in a one-gallon glass vessel 
painted black to protect the silver ni- 
trate against photo-chemical action of 
sunlight. A narrow vertical strip is 
left unpainted so that the liquid level 
can be observed. 


Titrating Vessel: The titrating ves- 
sel, constructed of type 316 stainless 
steel, has a volume of approximately 
20 ml. It houses silver and glass elec- 
trodes and a stirrer which is driven 
by a small induction motor. Electrode 
and stirring motor shafts are all pro- 
vided with pressure type seals so that, 
if necessary, the cell can be operated 
under pressure. 


Both silver and glass electrodes are 
insulated electrically from the titra- 
ting vessel; thus the combined solu- 
tion is at ground potential. 

Electrometer: The electrometer cir- 
cuit (Fig. 7) is similar to the one 
described by Penther and Rolfson”. It 
is used to amplify the small currents 
of the glass and silver electrodes. 

A source of bias voltage is also 
incorporated in 
the electrometer 
circuit so that at 
its output termi- 
nals a difference 
voltage between 
this bias and the 
electrode voltage 
appears. 

Power Amplifi- 
er: A Brown am- 
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Fig. 6. Top view Mercaptan Analyzer with Cover Removed. 
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plifier is used to amplify the difference 
voltage from the electrometer and to 
drive the pump motor at a speed pro. 
portional to this voltage. 

Recorder and D-C Generator: A d« 
generator is mechanically ccupled to 
the titration solution pump, thereby 
generating an emf proportional to the 
pump speed. This emf is then record. 
ed by a recorder calibrated directly in 
per cent mercaptan. In addition, a 
portion of this emf is used as inverse 
feedback for the power amplifier to 
improve the linearity and stability of 
the amplifier. 


METHOD OF MAINTAINING 
EQUIVALENCE VALUE 

The small current of the electrodes 
is amplified with the electrometer amp- 
lifier, which also supplies a source of 
bias voltage, so that at its output ter- 
minals a difference voltage is obiained 
between the bias voltage and electrode 
voltage. This difference voltage is fur- 
ther amplified by a power amplifier 
and then supplied to the quadrature 
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minus 200 millivolts and known vol- 
tages from 0 to plus 200 millivolts are 
applied to the input of the electro- 
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Fig. 8. Calibration Curve 
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meter, the pump speed versus input 
voltage characteristics would be us 
shown in Curve 1 of Fig. 4. However, 
if a portion of the d-c generator volt- 
age is fed back as inverse feedback to 
the power amplifier, this non-linear 
relationship ‘s transferred to the lin- 
ear one shown in Curve No. 2 of Fig 
4. In addition, the application of the 
inverse feedback considerably im- 
proves the stability of the power am- 
plifier. 

Returning to Fig. 1, the representa 
tive titration curves shown, like cor 
responding curves not shown, have 
straight portions between minus 50 
mv and plus 250 mv. Assume at the 
moment that the titrometer selects its 
equivalence value along line A-B. At 
full scale value of mercaptan (0.001 
per cent by weight), the titration 
pump must run at full speed, supply- 
ing 2.2. ml of 0.01 N silver nitrate for 
every 100 ml of gasoline. 

For full speed of the pump, an elec- 
trode voltage of zero is required. Simi- 
larly, if 0.0005 per cent mercaptan is 
present, the titrating pump must run 
at 50 per cent speed which requires 
an electrode potential of plus 100 mv. 
The line A-B of Fig. 1, with its origin 
at plus 200 mv, is identical to Curve 
No. 2 of Fig. 4 when speed is con- 
verted to volume units. 


SPECIAL DESIGN FEATURES 

Fig. 5 and 6 show front and top 
view of the instrument; Fig. 7 is the 
wiring diagram. 

All the electrical components are 
housed in a cast aluminum box which 
is pressurized with air as a safety 
precaution when used in hazardous 
locations. A pressure reducing valve 
is used to reduce the plant air pres- 
sure to approximately two inches of 
water pressure. To assure that the in- 
strument is not operated without posi- 
tive pressure inside the case, a dia- 
phragm-operated mercury switch is in- 
serted in series with the incoming 
power lines. 

All components in contact with gas- 
oline — such as pump, titrating ves- 
sel, and differential pressure regula- 
tor — are housed in a separate com- 
partment open to the atmosphere. 

A quick disconnecting fitting with 
automatic shut-off is provided between 
the pump and titrating solution reser- 
voir. 

TITRATION SOLUTION 

To avoid the need for an extra 
pump, the alcoholic sodium acetate sol- 
vent and silver nitrate solution were 
combined. This solution is made by dis- 
solving 25 grams of c.p. sodium ace- 
tate trihydrate in 200 ml of oxygen- 
free distilled water and then pouring 
it into 3 liters of ethanol 3A. After it 
is thoroughly mixed, silver nitrate is 
added. The quantity of silver nitrate 
depends upon the range desired; for 
example, a range of 0-0.001 per cent 
mercaptan by weight requirés 7 ml 
of 0.1 N silver nitrate. Higher ranges 
require proportional quantities of sil- 
ver nitrate. 
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For ranges higher than 0.005 per 
is recommended 
that the gasoline be porportionaily 
diluted with low mercaptan gasoline 
and the resulting mixture analyzed 
with the instrument. If the range of 
the instrument is increased much be- 
yond 0.005 per cent mercaptan by 
increasing the quantity of silver ni- 
trate in the titrating solution, a pre- 


cent mercaptan, it 


cipitate of silver acetate is formed in 
the titrating vessel which renders the 
solution useless. 


INSTALLATION 


The installation of the instrument 
is relatively simple. Connections to the 
gasoline source, drain, and air are 
made with 3/16-inch tubing and the 
power connection with conduit or with 
three-conductor rubber-covered cable. 

ADJUSTMENT AND MAINTENANCE 

The adjustment procedure consists 
of setting the bias, plate voltage, pow- 
er amplifier gain, and recorder sensi- 
tivity and assymmetry. Aside from a 
daily check of the bias setting, these 
adjustments require no further atten- 
tion except when the electrodes or 
pumps are replaced. 

Once weekly the glass electrode 
should be replaced with a spare elec- 
trode. The old electrode may be clean- 
ed by immersing in cold chromic acid 
cleaning solution, then rinsed and stor- 


ed in water to soak. The silver elec- 
trode should be cleaned at the same 
time by burnishing it with No. 00 
emery cloth. 

Once monthly the titration solution 
pump should be taken apart, silver re- 
moved if any has precipitated, and 
the pump lubricated with a neutral 
oil and reassembled. 

If when checked against a manual 
titration the instrument reads low or 
high (because of pump wear, etc.), 
correction can be made by proportion- 
ally increasing or decreasing the silver 
nitrate concentration of the titration 
solution. 

For calibration of the instrument in 
the laboratory a special sampler con- 
sisting of five pressurized reservoirs 
connected to a common manifold with 
a cut-off valve between each reservoir 
and manifold, was used since the gas- 
oline sample must be under pressure. 
Typical calibration results are shown 
in Fig. 8. In this calibration the re- 
corder readings were linear and the 
results obtained agreed with manual 
titration to better than + 2 per cent. 


PERFORMANCE 
The automatic titrometer is now in 
operation in a refinery for measuring 
the mercaptan content of a doctor- 
treated gasoline. So far operation has 
not been for a sufficiently long time 


to provide results of long term per 
formance, particularly as to 4, 
amount of maintenance required under 
plant operating conditions, 4. 

no difficulties have arisen so far, anj 
it is expected that the instrument Will 
continue to be an aid to the operat, 
in detecting plant upsets and minimiz. 
ing their effects, thereby Producing g 


better quality of product. 
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Electrical Transmitting and Transducing of 


O review the history of process in- 

strumentation, we note the original 
use of equipment mounted instruments 
as an appropriate beginning. While 
these instruments served their basic 
function, the user was handicapped by 
the necessity for visiting the instru- 
ment location on the equipment to ob- 
serve the process measurement. The 
design of the processing equipment 
was compromised with the require- 
ments for instrument accessibility. 

Recognizing accessibility needs, lead 
quickly to the use of panels with the 
instruments grouped together and con- 
nected to the equipment with pressure 
piping or transmission capillary. Ex- 
amples of this instrumentation are 
piped gauges and capillary connected 
thermometers. 

The introduction of electrical instru- 
ments extended the use and scope of 
central control panels. Pneumatic in- 
struments, using compressed air to 
boost the measurement signal for 
transmission and control, carried still 
further the growth and efficiency of 
process operation. 


As we review this history, we ob- 

*Manning, Maxwell & Moore, Bridge- 
port, Conn. 

Presented before the Sixth Annual Conference 
of the Instrument Society of America, at Hous- 
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Inc., 


Page 338—Instruments—Vol. 25 


Process Measurements 


By C. GARLAND ROPER* 


served a need for improved correla- 
tion of mechanical and _ electrical 
measurements. Since most indication 
and control functions require mechan- 
ical work, a simple relating of elec- 
trical and mechanical energy would 
permit the process operation to add 
the advantage of high speed electrical 
communication. The. history shows the 
communication is an essential function 
for effective process operation and 
control. 

Recognizing these objectives, work 
was directed towards simplifying the 
task of combining the advantages of 
electrical and mechanical measure- 
ments. From a study of process meas- 
urement, it was evident that almost 
any measurement could be readily con- 
verted to either mechanical motion or 
direct current. These two forms of 
signal energy are not only compatible 
with the requirements for simplicity, 
but they suggested the galvanometer 
as the logical tool for their correlation. 
Furthermore, accurate transducing of 
mechanical and electrical functions 
with the galvanometer structure would 
permit design of measurement control 
systems with direct current as a signal 
and communication medium. In addi- 
tion to the instantaneous response, 
such a system would permit control 
function computation in direct current, 


while minimizing the problem of in- 
ductance and capacitance in trans 
mission circuits. 

In seeking to develop a suitable elec- 
tro mechanical measurement trans- 
ducer based on the galvanometer prin- 
ciple, consideration was given to two 
fundamentals of measurement: One; 
the instrument should take the mini- 
mum of power from the phenomena to 
be measured; two, the output signal 
should be compared as directly as 
possible to the input signal with a 
minimum of intermediate linkages. To 
accomplish these stated objectives, the 
Kelvin balance was selected as the 
primary measuring element for relat- 
ing the electrical and mechanical meas- 
urements. The Kelvin balance was next 
modified for automatic operation. A 
calibrated spring was applied to the 
balance for use in converting the me- 
chanical motion to force loading of the 
pivoted beam. Next, the tuning cir- 
cuitry of a high frequency oscillator 
was located adjacent to the beam ina 
manner to detect the conditions of 
balance of the beam for measurement 
purposes, This modified Kelvin balance 
was named the “Microsen Balance”. 
The balance as applied to pressure 
measuring is shown in Fig. 1. This 
component has been made the standard 
measuring element of a group of in- 
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which are useful for meas- 

strum adication, transmission, and 
as control component “building blocks” 
for application in coordinated control 
' In order to further describe the de- 
sign and performance of the modified 
Kelvin balance as an electro mechan- 
ical transducer, we have found it use- 
ful to present the following compari- 
gon with its counterpart in pneumatic 
wered instruments. For this purpose 
the comparison will be made with a 
conventional pneumatic or low pressure 
air transmitter. Referring to the pneu- 
matic transmitter illustrated diagra- 
matically in Fig. 2, a mechanical input 
element applies motion through a 
uge movement shaft 6 and arm 7 
to the link 4. A change in the position 


BouRDON TUBE 


aN 


INPUT TORQUE 
» HAIRSPRING 


MAGNET 
a 
PRESSURE 
INPUT 
FEEDBACK 
CURRENT 
Fig. 1. Pressure Transmitter. 


of this link varies the orifice opening 
at 8 to change the pressure in the 
upper chamber of the amplifying re- 
lay, and causing motion of the dia- 
phragm 9. Motion of the diaphragm 9 
permits air to enter or leave the lower 
chamber of the amplifying relay to 
raise or lower the transmitted air 
pressure. Transmitted air pressure al- 
80 passes to bellows 11, which reposi- 
tions the orifice to regulate the output 
air to the correct value called for by 
the position of the link 4. 


In the electro mechanical transmit- 
ter incorporating the modified Kelvin 
balance, Fig. 8, the motion of the me- 
chanical element or Bourdon tube op- 
erates through a gauge linkage and 
movement to apply a torque to beam 
10 through the action of the spring 9. 
Motion of the beam 10 is equivalent 
to the link 4 of the pneumatic trans- 
mitter. By its effect on the oscillator 
circuit 2, the motion varies the resist- 
ance in the electronic amplifier. Circuit 
2 is equivalent to the orifice 3 and the 
electronic amplifier is equivalent to the 
alr relay of the pneumatic transmitter. 
Changes in the resistance of the elec- 
tronic amplifier vary the direct current 
output of the transmitter. The output 
18 Measured by the circuit 6 and the 
coil 7, Coil 7 is attached to the beam 
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CONTROL 
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8 which suspends the coil in a high 
intensity permanent magnet field. Dir- 
ect current flowing in the coil produces 
a force which acts in opposition to the 
torque of spring 9. The action of the 
measuring coil 7 is equivalent to that 
of the bellows 11 and it serves to regu- 
late the output signal proportional to 
the mechanical input to the beam. In 
the electro mechanical instrument elec- 
tric power applied at 1 is equivalent 
to a source of air pressure applied at 
1 of the respective pneumatic trans- 
mission systems. 

The purpose of presenting this com- 
parison of the operation between trans- 
fhission systems of the self regulating 
type is to emphasize the fact that the 
type of performance applied so suc- 
cessfully in pneumatic control is also 


RECTIFIED 
a+ ( AC. ) 








Oo © 


ver + 
~ 


eo © 


OSCILLATOR 
CIRCUIT 


CALIBRATING 
RESISTOR 


TRANSMITTED 
_— CURRENT 
I OUTPUT 


available in this type of electrical 
system. The comparison is also pre- 
sented to show why each element of 
the electrical system is necessary in 
order to achieve performance which is 
equal in accuracy to accepted stand- 
ards in pneumatic control. 

The specific electro mechanical trans- 
ducer described in the foregoing com- 
parison is useful for converting me- 
chanical motion into a proportional 
electric signal. An important applica- 
tion would be for converting the mo- 
tion of the pressure measuring Bour- 
don tube to an electrical signal for 
remote indication or control. Another 
application would be in connection 
with mechanical temperature measur- 
ing elements which produce motion 
proportional to temperature. How- 
ever, the utility of the structure is not 
limited to unidirectional transducing 
since the basic structure is adaptable 
to receiving an electrical input signal 
for conversion to mechanical work 
output. 

ln order to convert an electrical 
signal into a mechanical output ac- 
curately proportional to the input, an 
electro mechanical amplifier or relay 
must be inserted in the system. If the 
value of the electrical signal to be 
transduced is large enough, the Kelvin 





YA 
Z 







ZZ 


balance may be used directly in com- 
bination with an air orifice to initiate 
the measuring operation. The change 
in pressure at the air orifice is am- 
plified with a pneumatic relay to de- 
liver a change in pressure. The out- 
put pressure can be held to an accur- 
ate proportion of the electrical input 
signal with a conventional pressure 
measuring bellows follow-up system. 
Motion of the bellows is linked to the 
loading spring of the balance to pro- 
duce a counter force to the electrical 
input. If the electrical input signal 
is not large enough to operate a vari- 
able orifice directly through the bal- 
ance beam, the electronic amplifier 
can be inserted in the system to boost 
the power for the transducing opera- 
tion. Fig. 4 illustrates schematically 
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Fig. 2. Pneumatic Transmitter 


how this is accomplished. In this in- 
strument the electro pneumatic pro- 
portioning is initiated with a solenoid 
actuated air valve. 


We have now shown how a pressure 
signal can b2 converted into a propor- 
tional direct current electrical signal. 
We have also shown how the direct 
current electrical signal can be trans- 
duced accurately to proportional signal 
in air pressure. In each case the elec- 
tro mechanical balance serves to make 
a direct comparison between electrical 
measurement and mechanical measure- 
ment. In these feedback instruments, 
the amplifying components such’ as 
electron tubes, pneumatic relays or 
proportioning solenoid valves do not 
have to be precision measuring ele- 
ments, since errors in the performance 
of the amplifiers are nullified by the 
feedback action. The action of the gal- 
vanometer balance places these instru- 
ments in the category of self regulated 
or null balance measuring devices. 


It is the self regulating or null bal- 
ance action of the galvanometer bal- 
ance which overcomes the effects of 
line voltage variation, electron tube 
aging, changes in line resistances or 
differences in electron tube character- 
istics. Another factor in the perform- 
ance of precision measuring instru- 
ments is the effect of ambient tempera- 
ture changes. The straight line per- 
formance of the galvanometer bal- 
ance simplifies the problem of dealing 
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Fig. 3. Electromechan- 
ical Transmitter. 





INPUT: CURRENT 








with this type of error. Changes in 
the modulus of measuring springs can 
be compensated through selection of 
calibrating resistors with requisite 
temperature resistance coefficients. 

To describe an indicator incorporat- 
ing this measuring system, we should 
refer again to the electro pneumatic 
transducer. By substituting a solenoid 
acuator responsive to the output of the 
electronic amplifier, it is possible to 
drive the recorder for electric indicat- 
ing or to position the pen arm for 
electric recording. Again to insure ac- 
curacy of the indicated or recorded 
values, the pointer or pen is linked to 
the calibrated spring of the balance. 
This mechanical feedback applies a 
counter force to the measuring bal- 
ance to insure accurate positioning of 
the pointer in terms of the force pro- 
duced by the electrical input signal. 
Any unbalance between the electrical 
input and the feedback signal would 
be detected by the electronic amplifier 
to apply the corrective power to the 
actuating solenoid. 

A further application of this meas- 
uring system is to simple direct cur- 
rent amplification. In D.C. amplifying 
the system serves as a proportioning 
direct current relay. The balance struc- 
ture can be varied slightly by apply- 
ing two electrical measuring coils to 
the beam. One coil serves for measur- 
ing the input, the second measures the 
output and serves as the feedback 
link. The galvanometer again regulates 
the output current to maintain a bal- 
ance with the measured input. The 
mechanical loading spring now be- 
comes useful for zeroing or preloading 
the galvanometer for range suppres- 
sion. 

A typical application of the D.C. 
amplifying system is shown in Fig. 5. 
This schematic presents the amplifier 
as a temperature transmitter having 
a thermocouple input element. In this 
illustration the mechanical loading 
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spring not only serves for zeroing and 
suppressing the range of the transmit- 
ter, but it is also the means for apply- 
ing thermocouple cold junction com- 
pensation. The temperature of the 
thermocouple junction located in the 
instrument case is measured with a 
bimetallie element which rotates the 
calibrating spring to compensate for 
ambient temperature variations. 

The D.C. amplifier is also useful as 
a repeater station in long transmission 
circuits and as a simple proportioning 
controller for applications not requir- 
ing automatic reset. 

Another useful form of the D.C. 
amplifier is for contact operation. In 
this instrument a manual setting point- 
er is applied to the calibrated loading 
spring of the balance. It is possible 
thereby to set the pointer against a 
calibrated scale to select the operating 
signal for the contacting relay. Fur- 
thermore, the electrical feedback from 
the electronic circuit may be adjusted 
to vary the operating differential for 
the contacting relay. 

Now reviewing 


the instruments 


Fig. 4. Electropneumst, 
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which have been described, it is seen 
that they include or can be related to 
nearly all of the basic measuring re- 
quirements for process industry. Fur- 
thermore, the objective of a standard- 
ized approach to the measurement 
problems has been introduced. In the 
detail application of this measurement 
approach there are many steps yet to 
be taken. However, the pattern for 
standardizing the approach is indicat- 
ed. Through this approach it is pro- 
posed to establish instrumentation 
systems constructed with standard- 
ized components for measurement, 
transmission, indication, controlling 
and signalling. These instruments to 
be constructed with the same basic 
components would be interchangeable 
or readily modified in the field in ac- 
cordance with changes in process op- 
erations and requirements. 

In* a program directed towards 
standardization, compromise is an ac- 
cepted requirement and it is not in- 
tended to imply that many specialized 
measurement problems will not re- 
quire highly specialized or application 
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engineered measuring and control 
equipment. The systems proposed here 
are simply one approach toward the 
objectives for more rapid signal meas- 
urement and transmission with com- 
patibility to existing instrumentation 
and opportunities for increased stand- 


ardization. 


Control Valve Symposium 


The Essex House Hotel in Newark, 
New Jersey, on April 1st, will be the 
site of a Symposium covering “The Use 
and Application of Control Valves,” 
sponsored by the New Jersey Section 


of ISA. 

The Symposium will be held in three 
sessions—the first starting at 9:30 
AM.; the second, at 2:00 P.M.; and 
the third at 8:00 P.M. Preprints of all 
papers (listed below) will be available. 
Registration will start at 9:00 A.M. 
and continue throughout the day. 


“The Selection and Sizing of Control Valves,” 
Otto Kneisel, Hammel-Dahl Co. 

“Valve Rangebility,’ R. A. Rockwell, Mason- 
Neilan Co. 

“Qorrelation of Cv Factors,” G. F, Brockett, 
Fisher Governor Co. 

“Flow of Viscous Liquids Through Control 
Valves,” Dr. D. P. Eckman, Consultant, Cono- 
flow Corp. 

“Control-valve Characteristics and Their Ef- 
fects on Flow Control,’’ Russell Milham, The Fox- 
boro Co. 

“Engineering the Three-way Control Valve,” 
R. L. Patten,* Gulf Oil Corp. 





*Written in collaboration with the late Mr. 
J, A. Pellettere. 





ISA 


EMPLOYMENT SERVICE 
Forward your letter to INSTRUMENT 
SOCIETY OF AMERICA 
1319 Allegheny Ave., 
Pittsburgh 33, Pa. 











SALES ENGINEERS. Sales Engineers for large 
industrial instrument manufacturer. Prefer Me- 
chanical, Electrical or Chemical Engineers with 
few years industrial experience. Fine opportun- 
ity for young engineers with sales aptitude to 
connect with one of the fastest growing indus- 
trial instrument companies in the United States. 
Locations: Houston, Texas, and Los Angeles, 
California. In addition to above we desire serv- 
ices of Application Engineers who will be lo- 
cated at factory in New England. Exceptional 
opportunities. Box 639. 

SALES ENGINEER. Graduate Engineer (Ch.E. 





ANNUAL BANQUET OF THE NEW YORK SECT 


Hotel Statler, February 7-8, 1952. Guest 








Cleveland Committee Meeting 


At the recent meeting in the Hollen- 
den Hotel, Cleveland, preliminary plans 
for the Seventh National Instrument 
Conference and Exhibit were discussed. 
Three meetings were held: 

10:00 A.M. National ISA Meetings 


Committee 

1:00 P.M. Cooperating Societies 
Committee 

3:00 P.M. Cleveland Host .Commit- 
tee 


Below is a photograph of the Meet- 
ings Committee meeting. Left to right: 
R. E. Tozier, Chairman Technical Ad- 
visory Committee; G. D. Carnegie, 
Chairman Meetings Properties Commit- 


tee; Fred Lennon, Chairman Cleveland 
General Committee; Robert Newton, 
Vice-Chairman Cleveland General Com- 
mittee and Chairman Employment Reg- 
ister Committee; William Uhl, Chair- 
man Publicity Committee; I. Warshow- 
sky; D. B. MacDougall, ASME Staff; 
Dr. W. G. Brombacher, Chairman In- 
dustrial Instruments and Regulators 
Division, ASME; P. V. Jones, Manager 
ISA; M. D. Shriver, ISA National Meet- 
ings Committee; Richard Rimbach, Ex- 
hibit Manager; R. R. Proctor, ISA 
National Meetings Committee; and 


E. S. Lee, Chairman ISA Intersociety 
Relations Committee. 





Preferred) 25-35, for application engineering 
leading to outside sales or sales management. 
Direct sales experience not required. Salary 
plus profit-sharing. A real opportunity with 
young, aggressive process equipment manufac- 
turer—already No. 1 in field. Ideal working con- 
ditions in new Suburban Philadelphia Office. 
Box 640. 
INSTRUMENT TECHNICIAN. Major pharma- 
ceutical manufacturing company has challenging 
position available for man interested in the selec- 
tion, application, installation, testing and mainte- 
nance of electrical, pneumatic, mechanical and 
other measuring and control instruments used 
in a variety of chemical and biological process- 
ing equipment. Previous experience necessary. 
Salary commensurate with qualifications. Loca- 
tion Michigan. Box 641. 
INSTRUMENT MECHANICS. Experienced in- 
strument mechanics for work in chemical plants. 
The work is inspecting, testing, repairing, ad- 
justing, and calibrating service instruments. 
including actuating connections and _ control 
i t. Instr ts are electrical, mechan- 





ical, pneumatic, hydraulic, thermal, or any com- 
bination of these. Salary is $4075 per year 
for 40-hour week. Liberal vacation leave, sick 
leave, and retirement benefits. Location Alabama. 
Box 642. 


t at the b 








Papers for 1952 


In arranging the technical pro- 
gram for the 1952 Conference, short 
contributed papers are _ solicited 
from all members. Within the lim- 
its of program time, any member 
may be allowed ten to fifteen min- 
utes to present his contribution. 
Only the title and an abstract of 
200 words or less need be submitted 
for these papers and they can be 
submitted up to July 1. However, it 
is hoped that authors will submit 
manuscripts also, so that their 
papers may be considered for pub- 
lication in the Journal of the ISA. 
Longer papers, to be considered by 
the Editorial Committee, should be 
submitted at once, to allow time for 
editorial review and preprinting. 











ION, held during the Fifth Regional Conference on “Power Plant Instrumentation,” 
et was Rear Admiral William S. Maxwell, U.S.N.(Ret.), Deputy Director, 


Bureau of Smoke Control, Department of Housing, City of New York. At the head table from left to right Richard Rimbach, Norman 
J. Cherry, Admiral Maxwell, Charles Haggerty, and Leopold Van Blerkom. 
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Cleveland Exhibit Space Exceeds Previous High 


Six months before the opening date, 
the amount of booth space reserved at 
the Seventh National Instrument Con- 
ference and Exhibit, Cleveland, Ohio 
equals the total amount of booth space 
oceupied at the largest previous Show 
—the Sixth National Instrument Ex- 
hibit, Houston, Texas. 

Last November, 165 booths were laid 
out in the Arena of the Cleveland Pub- 
lic Auditorium. By the end of De- 
cember this space was exhausted and 
108 additional booths were then laid 
out in the Main Exhibition Hall. At 
this time 40 of these booths have been 
reserved, giving a total of 205 booths 
reserved by 131 exhibitors. 

Below is a resume of the previous 
exhibits: 


No. Exhibit 

Exhibi- No. Space 

Date Location tors* Booths* Sq. Ft. 
1946 Pittsburgh 92 120 10,291 
1947 Chicago 126 154 16,194 
1948 Philadelphia 147 200 22,022 
1949 St. Louis 133 182 21,930 
1950 Buffalo 135 191 18,160 
1951 Houston 133 212 22,240 
1952 Cleveland 131 205 22,260 


*Note: Booth space allocated free to Government 
Agencies, not included. 


There are only 68 booths to be dis- 
posed of in the next six months and of 
these approximately 20 booths will be 
alloted to the Cooperating Societies and 
Government Bureaus. The possibility 
of disposing of the remaining available 
booths is very good in which case the 
Cleveland Exhibit will be 20 percent 
larger than any previous Exhibit. 


With the increased activity on the 
part of the technical committees of 
the Instrument Society of America and 


the cooperating 


societies, 


breaking attendance is expected. 


A list of the companies, which have 


contracted for space, follows: 


Acragage Corp. 
American Meter Co. 
Ambos Jones Co. 
Anderson & Sons, Ine. 
Annin Co. 

Askania Regulator Co. 
Assembly Products, 


ne. 

Associated Research, 
Ine. 

Automatic Electric 
Sales Corp. 

Automatic Tempera- 
ture Control Co. 

Bacharach Industrial 
Instrument Co. 

Baird Associates, Inc. 

Baker Co. 

Barton Instrument 
Corp. 

Beckman Instruments, 
ne. 

James G. Biddle Co. 

J. Bishop & Co. 

Black, Sivalls & 
Bryson, Inc. 

Bowser, Inc. 

Brooks Rotameter Co. 

Brush Development 
0 


suffalo Meter Co. 

Burgess Battery Co. 

Burling Instrument 
Co. 

Cameron Tron Works, 
ne. 

Carboloy Dept., GE 

Century Geophysical 
Corp. 

John Chatillon & Sons 

Cole Instrument Co. 

Conoflow Corp. 


Consolidated Engi- 
neering Corp. 

Continental Equip- 
ment Co. 

Cook Electric Co. 

R. W. Cramer Co. 

Crawford Fitting Co. 

Daniel Orifice Fitting 
Co. 


Daven Co. 

Davis Instruments 

DeZurik Shower Co. 

F. W. Dwyer 

Eagle Signal Corp. 

Edin Co. 

Thos. A. Edison, Inc. 

Esterline Angus Co. 

Farris Engineering 
Co. 

Fenwal, Ine. 

Fielden Instrument 
Cor 


Fischer & Porter Co. 


Fisher Governor Co. 

Foster Engineering 
Yo. 

Fulton Sylphon Div., 
Robertshaw-Fulton 
Control Co. 

General Electric Co. 

General Mills, Inc. 

Gow-Mac Instrument 
‘o 


Hammel-Dahl Co. 

Hankison Corp. 

A. W. Haydon Co. 

Hays Corp. 

Helicoid Gage Div., 
American Chain & 
Cable Co. 

Herschede Hall Clock 
Co. 


a record 


Hickok Electrical 
Instrument Co. 

Hills McCanna Co. 

Holtzer Cabot Div., 
National Pneumatic 


0. 
Imperial Brass Mfg. 


Jo. 
Industrial Instrument 


Jorp. 
Industrial Instru- 
ments, Inc. 


Industrial Laborato- 
ries Publishing Co. 

Industrial Pyrometer 
& Supply Co. 

Instruments Pub. Co. 

J-B-T Instruments, 
ne. 

Jerguson Gage & 
Valve Co. 

Cc. M. Kemp Mfg. Co. 

Kieley & Mueller, Ine. 

Lapp Insulator Co. 

Leslie Co. 

Librascope Ine. 

Lord Mfg. Co. 

Magnetrol, Ine. 

Marine & Industrial 
Products Co. 

Mason-Neilan Regu- 
lator Co. 

McAlear Mfg. Co. 

Meriam Instrument 
Co. 

Metrotype Corp. 

Midwestern Geophysi- 
eal Co. 

Milton Roy Co. 

Mine Safety Appli- 
ances Co. 

Minneapolis-Honey- 
well Regulator Co., 
Valve Products 

Mittleman Electronics 
Div., Century 
America Corp. 

Samuel Moore & Co. 

Nash Engineering Co. 

National Spectro- 
graphic Labs, Inc. 

New Hermes Engrav- 
ing Machine Corp. 


North American 
Philips Oo, 
Palmer Therm 
ne. Bi 
Panellit, Ine, 
Parker Applia 
Penbethy Injector e. 
Perkin-Elmer Corp, * 
Permutit Co, : 
Photoswitch, Ine, 
ae tape Research 
Potter Aeronautical 
Co 


Potter and B i 
Production lone 
ment Co. 
5 reperticnsans Ine, 
esearch Con 
Rockwell Mtg Gor” 
R-S_ Products Corp 
Sanborn Co, : 
Sarco Co, 
Sola Catalytic Co 
Sorensen and (Co, 
Southwestern Indus. 
— Electronics 
0. 


Spence Engineering 
Co. 


Standard Electric 
Time Co. 
Herman H. Sticht (o 
Superior Electric Co, 
Superior Tube Co, 
Surprenant Mfg. Qo, 
Swartwout Co, 
Technical Sales Corp. 
Telechron Dept., GE 
— Instrument 
¢ 


». 

Vapor Recovery Sys. 
tems Co. 

Veeder-Root, Ine, 

Victoreen Instrument 
Co. 

Wallace & Tiernan 
Products, Ine. 
Warwick Products Co, 

Weatherhead Co. 

W. M. Welch Mfg. Co, 

Wheelco Instruments 
Co. 








Your Hotel Reservation -- Cleveland 


previous annual meetings are well 
aware of the annoyance of last-minute 
accommodation making. 


types of accommodations are given also, 

Please make your reservations di- 
rectly with the hotel of your choice, 
advising the hotel that you intend to 
visit the Instrument Conference and 
Exhibit and stating the date and ap- 
proximate time of your arrival, the 
number of days you expect to remain, 
and the type of accommodations re- 


If you plan to attend the Seventh 
National Instrument Conference and 
Exhibit in Cleveland, Ohio, September 
8 to 12, 1952—make your hotel reserva- 
tions at the earliest convenient date. 

The room situation will be critical in 
September, and an early reservation 
made now will save you considerable 
time and trouble later on. Those who 


Make your reservations now. 

Below is a list of the hotels which 
have committed rooms for the period 
of the Conference and Exhibit. The ap- 
proximate distance from the Audito- 


failed to make early reservations for rium and the price range for the various quired. 
From 
Hotel Location Auditorium Single Double Twin Bedded Suttes 

Aleazar Surrey & Derbyshire Rds. 5 miles $6.50 to 8 $8.50 to 10 $8.50 to 12 $12 to 20 

Allerton 1802 E,. 13th St. 8 Blocks 4to 7 6.50 to 9 7 to 10 12 to 20 

Auditorium 1315 E. 6th St. 1 Block 4 to 7 6 to 9 8.50 to 9.50 14 to 20 

Belmont $844 Euclid Ave. 1% Miles 3.25 to 3.50 5 to 5.75 4.25 to 6.25 

Bolton Square 8907 Carnegie Ave. 3% Miles 3.50 to 5 5.50 to 7 6 to 7.50 8 to 25 

Carter Prospect & E. 9th St. 7 Blocks 4 to 7.50 6 to 10 8 to 12 20 to 40 

Cleveland Public Square 4 Blocks 1.50 to 8 7 to 10 10 to 15 30—2 rms. 
32—3 rms. 

Commodore Euclid & Ford Drive 4 Miles 6 to 7.50 8 to 10 8.50 to 12 12 to 20 

Hollenden 610 Superior Ave. 3 Blocks 1 to 8 6 to 12 8 to 15 15 to 22—2 rms, 

26 up—3 rms, 

Lake Shore 12506 Edgewater Drive 4 Miles 5 up 8 up 8 up 10 up 

New Amsterdam Euclid & E. 22nd St. 1 Mile 3 to’4 5.50 to 6 6 to 7 7 up 

Olmsted Superior & E. 9th St. 4 Blocks 3.75 to 6 6.50 to 9 7.50 to 9.50 10 to 15 

Park Lane Villa 10510 Park Lane 7 Miles 5.00 6.00 7 to 8 

Quad Hall 7500 Euclid 3 Miles 3 to 6 6 to 10 10 to 18 

St. Regis 8205 Euclid Ave. 3% Miles 3 to 4 5 to 8 5 to 8 8 to 12 

Sovereign 1575 East Blvd. 4 Miles 5 to 6 6 to 10 6 to 12 

Statler Euclid & E. 12th St. 6 Blocks 4.50 to 9 7.50 to 10.50 9 to 14 18 to 26 

Stockbridge 3228 Euclid Ave. 1% Miles 3.00 5.00 6.00 

Tudor Arms 10660 Carnegie Ave. 4 Miles 4.50 up 7 up 14 up 

Wade Park Manor E. 107th & Park Lane 4 Miles 5.50 up 7.50 up 8.50 up 10 up 

Westlake Blount Rd. Rickey River 7 Miles 5 to 6 8 to 9 9.00 10 to 15 Ty 


These rates are subject to change at any time. 
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i This advertisement is published as a public service by the 
4 INSTRUMENTS PUBLISHING COMPANY 
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INSTRUMENTS ON THE MARCH 


New Principles. Applications. Non-commercial Developments 






Network Calculator 


E. PITTSBURGH, Pa.—The a-c. network calculator at 
the East Pittsburgh plant of Westinghouse Electric Cor- 
poration was in almost constant use during 1951 by utility 
customers. The picture shows Engineers from the Duquesne 
Light Company working with Westinghouse engineers in 
making a complex system study that would require man- 


PY ae 
eS, 







years of hand calculation. Electrical “analog” representa- 
tion of a utility system on the calculator makes it possible 
to impose any conditions desired and study the effects 
throughout the system. Results are recorded on the plotting 
board (foreground), metering is controlled from the con- 
trol desk (behind plotting board), and generator and sys- 
tem characteristics are set on the board (right and back- 
ground). Westinghouse has built 19 such calculators and 
has two on order. 


Force Measurement 


WOODRIDGE, N. J.—Dynamometer loads are weighed 
by an electronic system recently adopted at the Woodridge, 
N. J., plant of Wright Aeronautical Corporation. SR-4 load 
cells are shown at the left under the column linked to the 
arm of a G.E. Cradle-type dynamometer of 3000-hp. capac- 
ity. The dynamometer is being used for full-scale tests of 
aircraft reciprocating engines. 

SR-4 load cells are essentially steel columns or rods to 
which SR-4 resistance wire strain gages are bonded. Strains 
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in the column (either stretch or compression) affect the 
electrical resistance of the strain gages. Electronic circuits 
of an indicator or recorder automatically convert resistance 
changes into units of torque or thrust. 


Radioactive-energy Transducer 


CINCINNATI, OHIO.—New transducer made by Ohmart 
Corporation, Cincinnati, Ohio converts radioactive energy 
to electric energy without use of high-voltage power sup- 





| 


ply. Pickup cell is constructed of two dissimilar-metal elec- 
trodes separated by a filling gas. When gas is ionized by 
radiation, the positive ions are attracted to the noble elec- 
trode, and the electrons are attracted to the active electrode, 
owing to the chemical assymetry of the electrodes. The 
result is an electric current—without high-voltage supplies. 


Radioactive Isotopes 
in Industry 


DETROIT, Mich.—One of the first major industrial 
applications of radioactive isotopes produced at the atomic 
energy plants of Oak Ridge, Tennessee, has been revealed by 
Radioactive Products, Inc., Detroit, Michigan. This new 
application is increasing oil production by a new method 
of controlling and evaluating oil-well acidizing. The re- 


ACID TANK TRUCK 


OF ACID LEVEL Ol. OR BRINE 


BH a, og ® 


ey 
' 





IF-5" O1L- BEARING | SANDS Tone 


RADIOACTIVE ACID 


















ffect the 
C circuits 
esistance 


ucer 


-Ohmart 
> energy 
Ver Sup- 





| 


al elec- 
zed by 
le elec- 
ctrode, 
. The 
pplies, 


istrial 
tomic 
led by 

new 
ethod 


e re- 








miniature all-electronic system for instantaneous 





measurement and control of process variables... 
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Regardless how fast a pneumatic or electro-mechanical system may function, it cannot 

compare with the instantaneous, all-electronic response of the Swartwout Autronic Control 

System. Here’s why. Since transmission of information throughout the system is by electrical 

means only, there is no mechanical motion . . . no slide wires, boosters or motors to initiate 

{ control action .. . no control air lines from primary element or to final element. Hence the 
Autronic Control System spans distance between primary and final elements without interval 

—for closer, more accurate control. A-4940 


SWARTWOUT 

















) AUTRONIC CONTROLLER, heart of the 
system, has no moving parts. Propor- 
tion, reset and rate-action adjustments; with 
or without built-in set-point adjustment. 
Extremely compact, plug-in type units are 
interchangeable; can be used direct or 
reverse-acting. 


3 AUTRONIC RECORDER operates without 
slide wires or other contacting mecha- 
nisms. Electronically controlled pen gives 
true linear trace. Unit holds 1-month supply 
of standard 3-inch linear or square root 
chart paper. Set-point adjustment optional 
with Autronic Recorder. 


AUTRONIC MANUAL 

CONTROL makes bump- 
less changeovers simple. No 
gauges to synchronize, no 
readings to remember be- 
cause indicator shows 
difference between actual 
and desired output. 


Swartwout is ao. 
UMOnwe, CONTROL SYSTEM 


SEND FOR BULLETIN A-701 » THE SWARTWOUT COMPANY + 18511 EUCLID AVENUE - CLEVELAND 12, OWIO 
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An excellent example of 
EXACT WEIGHT Shad- 
ograph in quality control. 
Research Laboratory, 
Ohio State University, 
Columbus, Ohio 


Save a Business 
Life -- Yours! 


A critical need exists for higher productivity 
and better cost and quality control to offset 
steadily rising costs, sharp competition and 
flimsy profit margins and the need is urgent. 
Better planning and equipment is needed. 
High on the priority list of equipment are 
scales . . . the right kind in the right place, 
for good scales are the very heart of any 
processing and packaging operation from 
precision ingredient compounding to final 
checkweighing of the finished packaged goods. 
No operation today can stand a loss due to 
failure in ingredient compounding from labo- 
ratory proceedure through large scale pro- 
duction. No operation can absorb packaging 
shrink from bulk to finished product. You 
cannot package even a part of those already 
paper thin profits now. From raw materials 
to shipping docks alert engineers are pin 
pointing every spot where adequate weighing 
units will save money, improve quality and 
speed up operation. Saving business lives 
today is a very active engineering job and 
no division of EXACT WEIGHT Scales is 
busier than our own engineering depart- 
ment. Why don’t you avail yourself of 
this know how for your business. 


"Sales and Service 


from coast tocoast”’ 


EXACT WEIGHT SCALES 


Kit tevition 
THE EXACT WEIGHT SCALE COMPANY 


951 West Fifth Avenue, Columbus 8, Ohio 
2920 Bloor St., W. Toronto 18, Canada 
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search has been carried on jointly between the aboye com 
pany and Dowell, Incorporated of Tulsa, Okla. : 

Acid is pumped into both new and old oil wells to dis. 
solve out particles of limestone which clog the pores of 
permeable oil-bearing formations and prevent the flow of 
oil into the bore-hole. Many new wells will produce no oj) 
until such treament has been given. Old wells are frequently 
revitalized by the process. In “selective acidizing,” the 
site of acid action is controlled by instruments. However 
thousands of feet of 2-in. pipe must be removed from the 
oil well before the control instruments can be used, The 
new method of treatment eliminates this procedure, 

Radioactive materials are added to the large Storage 
tanks containing oil-well treating acid. A Geiger counter 
6 feet long and 1 inch in-diameter, is lowered to the point 
in the well which is to be treated. The radioactive acid js 
pumped down the 2-inch tubing which opens into the bottom 
of the well. The Geiger-counter clicks tell the level of the 
acid, which then can be held at the desired level] during 
the treating process. The illustration shows the manner 
in which the radioactive acid is used to indicate the point 
of oil-well treatment. 


Radon Measurement and Control 


WASHINGTON, D.C.—To protect the health of person- 
nel engaged in work involving the handling or processing 
of radium, the National Bureau of Standards maintains 
careful check, throughout the United States, over the 
quantity of radium ingested by such personnel and over 
the quantity or radon present in their working areas. Ac- 
cording to Technical Report 1482, the breath of these work- 
ers or the air in the work room is sampled periodically 





and is measured for its content of radon, which is the gas 
produced by radioactive disintegration of radium. This 
analysis reveals the amount of radioactivity present and 
provides the basis for the establishment and maintenance 
of proper safety measures. 

For uniformity, sampling flasks for all air samples are 
supplied by the National Bureau of Standards. These Pyrex 
flasks are evacuated in the laboratory and sent out, upon 
request, in aluminum shipping containers packed with foam 
rubber. After being filled with room or mine air or ex- 
haled air, the flasks are returned for determination of radon 
content, Work-room air samples are collected by opening 
the stopcocks on the evacuated flasks so that the air flows 
in through a filter. Breath samples are obtained by inflating 
a balloon and then transferring the exhaled air into the 
evacuated flask through its stopcock. 


Torquemeter 
Tests Centrifugal Pumps 


MILWAUKEE, Wis.-—Determination of horsepower in- 
put of centrifugal pumps has been simplified by electric 
strain-type torque meters, plus speed-measuring equipment 
of a new type. Time and labor of testing pumps are ex- 
pected to be cut by 60 percent in the laboratory of Allis- 
Chalmers Manufacturing Company, where the new equip- 
ment is installed. 

Torque is measured by a Baldwin SR-4 torquemeter, 


































ove com. 


S to dis. 


Pores of 
> flow of 
Ce No oil 
€quently 
ng,” the 
Lowever, 
Tom the 
ed. The 


Storage 
counter, 
he point 
- acid is 
bottom 
| of the 

during 

Manner 
le point 


trol 


person- 
cessing 
intains 
er the 
d over 
is. Ac- 
work- 
dically 





faces 


Eve 


VEEDE 


Here’s still another good soldier, on 
a highly special assignment. With con- 
tact assembly, it counts miles and yards, 
when used in ¢onjunction with other 
equipment. And it also makes contacts 
.. direct 





on predetermined readings . 


readings that need no translation. 


Now, as the counting process 
comes to be counted as more 








one Can Count on 


R-ROOT 
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and more indispensable to all types of 
defense materiel, what might we do... 
especially for you? Just say when you'd 
like to get together...and start figuring. 


VEEDER-ROOT INCORPORATED 


“The Name That Counts” 
HARTFORD 2, CONN. 
Chicago 6, ll. + Greenville, S.C. 
Montreal 2, Canada + Dundee, Scotland 


Offices and agents in principal cities 


Couns Lerything on arth 
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SINCE 1872 Leading American Industries 
have depended upon... 


PALMER 


MERCURY ACTUATED 


Temperature Indicating Instruments 


41,” DIAL THERMOMETERS 


Made in 3 types to suit any re- 


quirements. Rigid stem, wall or 
flush mounted, 11 inches of scale 
reading. Interchangeable with 
standard industrial separable 
Stem can be placed at 


sockets. 
n be ro- 


any angle and case ca 
tated to any readable position. 


«aii AT 


RECORDING THERMOMETERS 


Twelve inch die-case aluminum 


case with black or white wrinkle 
Single or mul- 
uction. Electric 
clock, 24 hour 
Flexible 


or satin finish. 
tiple pen constr 
or spring wound 
or 7 Day Revolution. 
Armor and bulb of stainless 


steel. Ranges —40 +950°F or 


Equivalent in 
























INDUSTRIAL THERMOMETERS 


Red-Reading Mercury—Extruded 


brass case—chrome finish. 
Ranges —40 +950°F or Equiv- 


alent in °C. 





RED-READING MERCURY 
LABORATORY THERMOMETERS 
Thoroughly annealed for perma- 


acy. Complete line 


nent accur 
sion 


A.S.1.M. and fractional divi 
types. 


FOR COMPLETE INFORMATION 
WRITE FOR CATALOG 200 G 


THERMOMETERS, INC. 


CINCINNATI 12 


oma mme) 
MElrose 1500 


Telephone 
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which uses SR-4 resistance-wire strain-gages bonded to g 
reduced section of a special alloy-steel shaft at 45 deg 
| with the longitudinal axis. In this position the gages ng 
| spond to the maximum torsional strains resulting from ap. 
| plied torque. Gages are connected to form a Wheatstone 
| bridge in which bending and thrust stresses are cancelled 
| but torsional stresses are made cumulative. The stresses 
| cause bridge unbalance. Torque, drive-shaft speed, pump 
| discharge pressure, and inlet pressure are recorded auto- 
| matically. The illustration shows the torquemeter on a 
50-hp. test pedestal for centrifugal pumps. 


Absolute Viscosity of Water 


_WASHINGTON, D.C.—A determination of the absolute 
viscosity of water at 20 deg. C. with greater accuracy than 
| ever before realized has recently been completed by J. F. 
Swindells of the National Bureau of Standards, according 
to Technical Report 1621. The new value is 0.01002 poise 
(dyne-seconds per square cm.) as compared with 0.01005 
| poise, which has been generally accepted up to the present 
| time. The absolute viscosity of water serves almost uni- 
versally as the standard to which the viscosities of all other 
| liquids are referred. 

Beginning July 1, 1952, the Bureau will use the new value 
| as the primary standard for calibrating viscometers and for 
| evaluating secondary standards which are issued as vis- 
| ecometer calibrating liquids. It is recommended that, in so 
far as possible, this change be adopted generally at the 
same time. 


| Tension Control 


SPRING GROVE, Pa.—A G-E paper tensiometer installed 
between first calender and second calender at P. H. Glat- 
felter Company, Spring Grove, Pa., gives close control of 
paper tension. The tensiometer is mounted on an adjustable 
lead screw to take care of different pass lines to second 
calender. It is used for automatic tension control on the 
paper machine. 




















oe ee i en ee 






































led to a 
45 deg, 
AZeS re. 
rom ap- 
2atstone 
celled, 
Stresses 
» Pump 
d auto. 
r on a 


- 

bsolute 
'y than 
y J.P. 
ording 
2 poise 
01005 
resent 
st uni- 
| other 


’ value 
nd for 
iS. Vis- 
in so 
at the 


talled 

Glat- 
rol of 
stable 
econd 
n the 











DETECT UNWANTED VAPORS 


High-altitude jet pilots are assured of pure oxygen 
when the G-E Leak Detector is used to check 
oxygen tanks and pressure regulators for con- 
taminating halogen vapors at Zep Aero and 
Breathing Equipment Co., Los Angeles Interna- 
tional Airport. Ordinarily used to find leaks in 
pressure systems, the Leak Detector’s extreme 
sensitivity to halogen vapors makes it valuable 
for detecting minute quantities of industrial 
cleaning solvents, such as carbon tetrachloride, 
remaining after equipment is rinsed. Write for 
details to General Electric Co., Sect. 687-89, 
Schenectady 5, New York. 


Type H Leak Detector 
list price $611.00 


GENERAL @@ ELECTRIC 





Up to 5 times 


| a ae faster response 
: a with 






Thea, Green 


mg VAUEY 


NEW CONOFLOW 


PNEUMATIC 
CYLINDER MOTORS 


for 


THROTTLING CONTROL 


DIAL STENCIL 





ENGRAVES, ROUTS 
PROFILES and MODELS 


A real money 
saver for industry. 
Proven by the experience of tool and die, 


DIRECTIONAL SIGN 





The New B-50 Series of pneumatic cylinders for throttling control 





electronic machine, radio, electrical service operate on air pressures up to 100 psig and are capable of repo- 
and inst t facturers. sitioning accuracies of 1/500 part of total stem travel. Simplified one- 
The Green Engraver zips out pre- BARREL DIAL piece piston construction features graphite impregnated “O"' ring seals 


and a piston positioner integrally mounted in the head plate. Extra 
sensitive, speedy and stable—because of minimum friction and pre- 
| cisioned aluminum design. 
Many applications include positioning electrical components, variable 
speed drives, rubber pinch valves, etc. Available in 4", 6" and 8" 


cision work on metal, plastics, wood, 
glass, hard rubber etc. . . . engraves 
panels, name plates, scales, dials, molds, 
lenses, instruments, instruction plates, Specify the Green Engraver 














sage a ** by simple 5 setae? on the — | diameters with 3" and 4" stem travels. Furnished complete with cushion- 
ee vane, - i — pes grower wim _ loading regulator and gauge, fully ents oat for eee os 

i versatility. } Ne ‘ tees rite for bulletin B-50-AR. 
tric etching attachment available. sar geaieiaes aed. CONOFLOW CORPORATION 






2100 Arch St., Phila. 3, Pa. 


FREE — Fact-packed folder yours upon request. 








383 PUTNAM AVENUE CAMBRIDGE 39, MASS. 

















cubicles, housings, 
cabinets 


control panels and desks 


_AIRK: “ALUM CUSTOM BUILT 
~ ELECTRICAL ENCLOSURES 


One unit... hundreds. . . or thousands, in any 
shape or size. KIRK & BLUM has the men, 
i equipment and experience to fabricate sheet 
' metal enclosures to exacting specifications. 
Put our 45 years of experience to work for you 
in building custom parts and assemblies of 
sheet steel, light plate, stainless, aluminum, 
monel and other alloys in gauges to 4%” 


i Write today for your copy of the latest KIRK & 

: BLUM Electrical Enclosures Catalog. For 
prompt quotation, send your prints to The 
KIRK & BLUM MFG. CO., 3111 Forrer Street, 
Cincinnati 9, Ohio. 


A 


Tg 





Control Desks @ Cubicles @ Instrument Panels 
Electrical Cabinets and Enclosures e@ Test Stands 
. Switch Gear Housings e Control Panels e Louvres 
Ootdoor Electrical Enclosures @ Transformer Tanks 


KIRK“ GLum 


METAL FABRICATION 
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Optimalizing Control 
Continued from page 327 


line passing through the four plots. Within the time period 
from the origin to this vertical dashed line, the contro] sys. 
tem was operating with the intake manifold pressure used 
as the controlled input. This fact is identified at the top of 
plot (a). Within the time period from the vertica] dashed 
line to the end of the plots, the system was operating with 
the ignition timing as the controlled input. The Vertical 
dashed line shows the instant at which the controlled input 
was changed from air flow to ignition timing. 

The optimum output power level was determined by tests 
made with manual adjustments. This optimum output was 
used as the reference level for the deviation plot of Fig, 
20a. Before the establishment of this optimum level, the 
engine was allowed to warm up for more than an hour, so 
that the environmental inputs to the engine reached rela. 
tively stable levels, and the optimum output level obtained 
by manual adjustment became a reliable reference level, 
After the optimum output power level had been determined, 
the ignition timing was retarded from the optimum ignition. 
timing (represented by the horizontal dashed line in Fig. 
20c), to produce an output deviation of approximately two 
percent from optimum power. After this was done, an addi- 
tional output deviation of five percent of best power was 
introduced by changing the intake manifold pressure setting 
from the optimum level (shown by the horizontal dashed 
line of Fig. 20d. Starting with this initial output devia- 
tion, the controller was allowed to begin operation. The 
curve in Fig. 20d shows that the intake manifold pressure 
increased from 23 inches of mercury to 28.5 inches of mer- 
cury during an interval of about 25 seconds. The manifold 
pressure caused a corresponding airflow change and an 
increase in output level, as shown in Fig. 20a. 

The recovery time is the time required for the output 
to reach a level corresponding to a deviation equal to five 
percent of the initial deviation. As shown in Fig. 20a, the 
recovery time of the engine with airflow as the controlled 
input was about 17 seconds. 

After the recovery time had elapsed, the system exhibited 
an output hunting period of 13 seconds, as shown in Fig. 
20b by the time interval between the two adjacent input- 
drive reversal points. The input-adjuster-drive selection 
switch was operated near the third peak of the effective 
output deviation to change the controlled input from air 
flow to ignition timing. The variation of ignition timing 
with time is shown in Fig. 20c. 

This plot shows that the ignition-timing adjustment ini- 
tially happened to be in the wrong direction, which caused 
a retardation of the ignition timing and in turn caused the 
output to decrease. This condition was corrected almost 
immediately by an input-drive reversal, which changed the 
direction of the ignition-timing adjustment toward a larger 
angle and thus caused the output to increase. The plots of 
Fig. 20 show that the controller operation with ignition 
timing as the controlled input caused the effective output 
deviation to reach the zero level and then to hold this level 
within about 1/3 percent of optimum power over the period 
covered by the plots. 

The results shown in Fig. 20, which represent the per- 
formance achieved from the experimental controller, are 
summarized and compared with the design performance in 
the following table: 


Design Performance Actual Performance 
Recovery time 30 sec. 17 sec. 
Output. hunting 
period Longer than 12 sec. 13 sec. 
Output hunting 1/10% of optimum 1/9% of optimum 
loss power power 


The table shows that the designed performance for the 
optimalizing control of a C.F R. engine was achieved by 
the experimental test. A C.F.R. engine with its single cyl- 
inder can be considered as an operating system with ex- 
ceptionally high output interference. For this reason it 
is believed that the satisfactory operation demonstrated 
by the optimalizing control of this engine can be expected 
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BALDWIN SR-4 
LOAD CELL 


Dynamometer loads now measured 
Electronically 


To eliminate cumbersome conventional methods for obtain- 
ing dynamometer readings during tests on aircraft engines, 
one manufacturer now uses a Baldwin SR-4 Load Cell 
located under a column linked to the arm of a 3000 hp, 
cradle-type dynamometer. Accurately, instantaneously, all 
changes are read at a remote location ... the entire test 
completed far faster. ; 

If you have any problems in measuring torque, batch 
weighing, crane weighing, continuous belt weighing, in- 
vestigate these new electronic measuring devices. Compact, 
durable, super-accurate, completely sealed—and complctely 
free from the inaccuracies of conventional methods—Baldwin 

SR-4 devices are the modern solution to most 
measuring problems. 


.-~ BALDWIN - LIMA -HAMILTON 
- TESTING HEADQUARTERS 
Philadelphia 42, Pa. 


In Canada: Peacock Bros., Ltd., Montreal, Quebec 












FOR TESTING FABRICS 
THAT MUST HOLD GAS 





4 


The Cambridge Fabric Permeameter is an accurate, rugged and 
convenient instrument for production testing of the permeability 
of fabrics which are to be inflated with Hydrogen, Helium, Carbon 
Dioxide, etc. 


The rate of permeation through the fabric is quickly determined by 
equipment utilizing the thermal conductivity method and is indi- 
cated in terms of liters per square meter per 24 hours of the 
retained gas. 


Manufacturers of fabrics for lighter-than-air Craft, Life Rafts, Life 
Jackets, Gas Masks, etc., will find this an indispensable instrument. 
Send for particulars. 


CAMBRIDGE INSTRUMENT CO., INC. 
3742 Grand Central Terminal, New York, N. Y. 


CAMBRIDGE 
FABRIC PERMEAMETER 














MOELLER MARINE INSTRUMENTS 


CATOR 































CLINOMETER 
No. 458 No. 460 

SOUNDING TUBES FATHOM RULES | 

— 2S eee A 
ms SOUNDING SHEATH 
baat ———— es 5 5 a ‘ mee a i 
Ne 420 SOUNDING LEAD RODS a 

F ROUND DIALS No. 450 pase a 
MOELLER : 


STRAIGHT AND ANGLE FORM 
No. 5000 SUBMARINE THERMOMETERS 





THE ACME OF DEPENDABILITY 


Built upon 4 generations of 
GUARANTEED ACCURACY 


On deck, in cabin, or engine room whether 
to indicate temperature readings, or to 
take soundings — whether to measure 
fathoms, or determine trim and heel meas- 
urements—Moeller Marine Instruments 
have set the standard of accuracy for 
dependability in the Marine field for al- 
most half a century. 







Send for catalogs and literature on 


INDUSTRIAL LABORATORY 
AND RECORDING THEMOMETERS 
VACUUM GAUGES « HYGROMETERS 
HYDROMETERS + PSYCHROMETERS 
AND MARINE SPECIALTIES 


MOELLER | 


INSTRUMENT COMPANY 
132nd ST. and 89th AVE. > RICHMOND HILL 18,N. Y. 
Representatives in Principal Cities 
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eW Portable Field 


Manometer 





byMERIAM 


For Checking Calibration of 
Gas Orifice Meters 
in the Field... 
Filling a long-felt need, this unit 


offers many advantages. 











































All stainless steel with precision 
bore tubing. Sliding magnifier 
for readings down to 0.2” of 
water — and mirror that avoids 
parallax in reading. 


Scale is graduated in inches of 
water pressure, using mercury 
calibrated dry. Range is 0-110" 
of water. Valve at instrument 
well and fitting at top of indicat- 
ing tube prevent loss of mercury 
when manometer is transported. 


Provided with bubble level and 
universal ball and socket type 
clamp which permits mounting 
to meter piping — up to 14" size. 
Complete assembly — including 
mercury and length of rubber 
tubing — is housed in metal 
case 5" wide, 3” high, and 
14” long — total weight, 
7% pounds. 








Can be completely dis- 
assembled for cleaning. 
Precision-built throughout 
— typical of all Meriam 


instruments. Ask for 


Catalog Sheet B2862. 
Handy Portable Field ; 
—_— 

a 


Manometer weighs 


only 334 pounds. 


({e 


THE MERIAM INSTRUMENT CO. 


10958 MADISON AVENUE e CLEVELAND 2, OHIO 
WESTERN DIVISION: 4760 E. OLYMPIC BLVD., LOS ANGELES 22, CALIF. 
IN CANADA: PEACOCK BROS., LTD., MONTREAL 


MeAAM 


ESTABLISHED 1911 
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from optimalizing control of other types of operatin 
tems in the field of process control. 


DISCUSSION 


Question: In the optimalizing control system which Dr 
Li has presented here, he has shown the use of an engine 
as his process unit, which is being held to an optimum 
output by control of one or two variables. In trying to carry 
this thought over into the process industry, where we will 
be maintaining an optimum operation of a refinery unit 
would the optimalizing-control system have to seek out ‘ 
optimum point for each of the numerous variables which 
hold that process unit on stream in making end product? 
Would it do that in a sequence, or would he propose that 
the system simultaneously change the variables on this proe. 
ess unit to bring it up to the optimum point? In the latter 
case I was wondering if thought had been given to how that 
intelligence to each of the controllers should be kept from 
getting mixed up and confused. 

Y. T. Li: I think your question has been put very intelli. 
gently, and this is a very important matter in our optimal. 
izing-control system. In the example using an internal- 
combustion engine as the controlled system, we took both 
the intake air flow rate and the ignition timing as two con- 
trolled inputs. To separate the effect on the output due to 
these inputs, we can make adjustment of one of the two 
inputs alternatively. In the continuous-type optimalizing 
system described, we can adjust the two inputs simultane- 
ously by using a different test-input frequency for each 
input. The intelligence to each signal can be separated 
from each other by suitable filters. For any system with 
more than two controlled inputs, this same principle applies, 

Axel Petersen: I would like to have some specific ex- 
amples as applied to a chemical plant. 

Li: I am sorry that I do not have any specific examples 
for a chemical plant at the moment. However, we may 
consider that in some cracking processes, the condition of 
a certain kind of catalyzer may affect the amount of the 
output and therefore may be considered as a controlled in- 
put. Or, in some big power plants that use coal to produce 
steam, the coal is transferred to carbon dioxide and at the 
same time produces heat. This also is a chemical process. 
In this case, the amount of steam produced may be opti- 
malized by controlling the damper of the chimney. 


8 sys. 


Oxygen-Plant Instrumentation 
Continued from page 323 
6. During appropriate parts of the time cycle, the cam 
and selector switch move in combination to energize the 
four-way solenoid valve. The solenoid valve causes air flow 
to the cylinder operator of the valve to produce the desired 
valve movement. 


INSTRUMENTATION COMPLIMENTARY TO CONTROL SYSTEM 


In addition to the control instruments, other instruments 
are required to indicate and record temperatures, pressures, 
flows, liquid levels, and chemical analyses useful in the in- 
terpretation of the performance of the plant. Novel instru- 
mentation is not required for the super-atmospheric temper- 
ature service of the process. However, certain features of 
the instrumentation for the low-temperature service are 
unique. 

It is essential for most efficient operation that low tempera- 
tures be measured with an accuracy of 2 deg. F.; even more 
accurate measurements are desirable. Copper-constantan 
couples in stainless-steel thermowells and in stainless-steel 
thermowells with copper tips are adequate for the primary 
element. A typical arrangement of a couple and stainless- 
steel well is shown in Fig. 7. The tip of the well has been 
reduced in mass to increase the response and to minimize 
the error of temperature measurement. When such a couple 
is adequately immersed in the cold stream, is opposed by 4 
cold junction maintained at liquid-oxygen temperature, 
and is read by means of an indicating potentiometer, it is 
accurate to within one or two degrees F. There is no 
obvious reason why other methods of measuring tempera- 
ture, such as resistance thermometers adequately protected 
from stray currents, should not be equally satisfactory or 
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The Aerophysics & Electro-Mechan- 
ical Division of North American Avia- 
tion, Inc. offers Top Professional 
opportunities for Research, Develop- 
ment, Design and test in the follow- 


ing fields 


AIRBORNE ELECTRONIC 
EQUIPMENT 
EQUIPMENT FLIGHT TEST 
PRECISION INSTRUMENTS 
AUTOMATIC CONTROLS 
PROPULSION SYSTEMS 
SERVO-MECHANISMS 
AIRFRAME STUDIES 
RADAR DEVICES 
INSTRUMENTATION 
MICRO WAVE TECHNIQUES 
ANTENNA PERSONNEL 


Excellent living & working conditions 
in suburban Los Angeles 


Finest Facilities and Equipment 


Outstanding Advancement 
Opportunities 


WRITE NOW 


furnishing resume of education, 


experience, and work preference. 


NORTH AMERICAN AVIATION, INC. 


Engineering Personnel Section 
Aerophysics and 
Electro-Mechanical Division 


12214 Lakewood Blvd. 


Downey, California 





acca) HELICOID 








product 





The gage that 
retains its 
original accuracy 
longer, 
lasts longer, 
costs less 


per gage, per year 











—a 
= = 


e@ Only HELicorp GaGEs have the Helicoid Move- 
ment... tested and proved in years of hard service... 
a simple cam and roller design that does not have any 
teeth to wear out. Helicoid Gages cost less in the long 
run because they give long, trouble-free service with a 
minimum of maintenance. 

Helicoid Gages can be furnished with ACALOY 
flanged case (illustrated), ACALoy flangeless, phenol, 
flush mounting (round or square) cases; with black, 
white or phosphorescent dials; phosphor bronze, alloy 
steel, stainless steel or K Monel Bourdon tubes; in pres- 
sure, vacuum or compound types; in a full range of 
pressures; all with the Helicoid stainless movement. 


Write today 


for the Helicoid Catalog 





FOUR HELICOID FEATURES 






















1. Stainless Steel Helicoid Roller (no gear teeth) 
2. Stainless Steel Hair Spring 

co 3. Long Life Cam (no gear teeth) 
4. Hardened Monel Link and Screws 






HELICOID 


Pressure 
7 


Vacuum 


GAGES 











HELICOID GAGE DIVISION 
CZ, AMERICAN CHAIN & CABLE 


929 Connecticut Avenue * Bridgeport 2, Connecticut 
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superior to thermocouples. However, such devices have not 
yet been tried in HRI plants. 
The measurement of gas pressure at low temperature | 
offers no problem. The measurement of liquid Pressures is 
not necessary. For gas pressures the conventional bourdon- 
tube gage is satisfactory. Conventional ‘transmitters indi 
OPERATED BY cators, recorders, etc., are used withcut modification, The 
measurement of pressure differential, particularly low dif. 


ferentials across orifices, etc., has proved troublesome he. 
motors erring a 


The Bert Mills Coffee Bar, noted for 
its simplicity of operation and easy 
servicing, utilizes three Barcol geared | 
motors to operate the screws which os i +—I 
feed (1) powdered coffee, (2) cream, [ 
and (3) sugar. , , . 7 


1 j SELECTOR SwiTcH 
{ 


























OPEN 
TMER— ~— |<—cLoseo 


Rugged construction and high efh- 
ciency make Barcol Motors a natural 














choice for this unique vending me- — men 
chanism. Let our engineering staff aR FF i ae 
. . , 1 iy vA > . ' 
make suggestions for applying Barcol SAA F Sf fk ” : 
high torque precision-made motors to roma ee CM | (ee Tif 1) 
your particular motor problem. Write - inte AD jo 
for latest Barcol Motors Catalog today. CAM TIMER \ | 
| oscil 
Right, View of three Barcol | * Flexi 
Motors used in vending r : —— 
cycles on Bert Mills Coffee Bar. | -———_—_—————- ij * Con 


aR SUPPLY, aIR VENT —> 0 to 
The Barcol lime includes uni- | : 
derectional, synchronous, and re- 


versible motors — with and 
without reduction gearing—open 
and enclosed. 





BARBER-COLMAN COMPANY TN abezerceeerc chy 
ROCKFORD, ILLINOIS, U.S.A. (im — 





Fig. 6. Arrangement for automatic operation of reversing valves, 
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INSULATION 
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ke : ; || ] sta 
® Available in a wide variety of gen- | L _ ERSTE | air 
eral purpose and special purpose | owe ve 
: - . es 
gauges in pressure ranges to meet P-THERMOWELL | ‘iin 
wiles . ‘ z STEEL) S* ! 

your specifications in every particular. copper 

CONSTANTAN 




















THERMOCOUPLE 








WRITE TODAY FOR COMPLETE INFORMATION 


| 

PRESSURE, VACUUM, COMPOUND, ALTITUDE, COMBINATION, ss | 

DIAPHRAGM, HYDRAULIC, AND SPECIAL PURPOSE GAUGES, _ > SOLER 
DIAL THERMOMETERS, (VAPOR TENSION OR BI-METAL) 





MARSHALLTOWN MFG. CO, | Qo 2222 2ee--4 


800 EAST NEVADA ST. ° MARSHALLTOWN, IOWA Fig. 7. Low-temperature thermocouple assembly. 
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(Instant Recording | 








with PHOTRON 
Recording Equipment 


ie 








OSCILLOGRAPH Features AMPLIFIERS 


* Flexible chart drive % Wide Choice of Amplifiers 
x Continuously variable from . 

0 to 5 inches per second * Direct Coupled DC 
Simplicity of operation * AC 
* Ink or Inkless Recordings * Strai 

Self-Contained Power Sup- Strain 

ply for Inkless Pen * Dual DC or AC 


Contact us regarding Special Recording Problems 


PHOTRON INSTRUMENT COMPANY 
6517 Detroit Ave ° Cleveiand 2, Ohio 


CUT COSTS on 


M@ISTURE 
C@NTROL 


KEMP DYNAMIC DRYERS DRY 
INSTRUMENT AIR TO LOW DEW 
POINTS FOR AS LITTLE AS ac PER MCF. 


Kemp Dryers save industry thousands of dollars a 
year—because they protect costly instruments from 
damage due to moisture in the air or air source. 
Operation is guaranteed to your specifications, and 
standard models are available for any instrument 
air drying operation—whether it’s large or small. 
Send For Information. Kemp has a Dynamic Dryer 
designed for every application. Find out how Kemp 
can solve your problem. Write today —no obligation. 


k EMP DYNAMIC DRYERS 
Write for Bulletin D-27 for tech- 
KEMP 


nical information. C. M. 
Mrc. Company, 405 E. Oliver 















OF BALTIMORE Street, Baltimore 2, Maryland. 


CARBURETORS @ BURNERS @ FIRE CHECKS ® ATMOSPHERE 


GENERATORS @ ADSORPTIVE DRYERS @ METAL MELTING UNITS 
SINGEING EQUIPMENT @ SPECIAL EQUIPMENT 
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wheelco capacitrol-cap 


Get Model 252P Capacitrol—and get improved — 
instrumentation! Wheelco Capacitrols are now 
available with Capaciline—giving you built-in 
straight-line control! This simple and economical 
electronic indicating controller may be applied 

to obtain results equal to most high-cost 
proportioning systems. Whatever your temperature 
control problem—whether it's on ovens, kilns, 

vats, furnaces, injection or extrusion machines, 
etc.—it will pay you to buy the Wheelco 
Capacitrol-Capaciline. It is available for use 

at temperatures up to 3600° F. 





The Capaciline Model 660 accelerator 
may be purchased separately as a self- 
contained unit for use with any Wheelco 
Capacitrol or any other two position 
pyrometer controller. 












Write today for Bulletins PC-1 and CL-1—ask too, 
for the 42 page Thermocouple Data Book and 
Catalog—it's filled with complete information, facts 
and charts covering all types of control accessories. 
Wheelco Instruments Company, 833 W. Harrison 
Street, Chicago 7, lilinois. 


wheelco 2 


Seok 
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Special counter adapted from "CS" Top Read- 


ing Model far instr 





PP 


High-speed, non-re- 
St tor building into. Productimeter “SPECIALS” are dee 
radar instruments. signed and manufactured for specific 
counting applications. Where one of 
many standard Productimeters is not 
the exact answer to a problem, Durant 
engineers modify, combine, or develop 
entirely new counters to meet the pare 
ticular requirements of the job. The 
models shown are a few of the more 
interesting specials developed in our 
.Y" 2-figure Rotary modern plant. Your counting problems 


Counter used in navi- " 
gating instruments. can be readily solved. 


DURANT MANUFACTURING CO. 


1914 N. Buffum St. 114 Orange St. 
Milwaukee 1, Wis. Providence 3, R. I. 
Representatives in Principal Cities 
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cause of surges set up during reversal. Bellows-type inst 
ments, which go out of calibration when overranged haw 
proved particularly unreliable. Mercury columns with pr 
quate surge capacity, and instruments with cut-off valve 
actuated by the reversal timer have given good side 
However, the chance of mercury entering the low-tem . 
ture system from the former, and the complexity of th 
latter make either solution less than satisfactory, 

The measurement of flow of gases at low temperature } 
means of orifice and venturimeters has proved adequate vid 
the exception previously noted for the measurement of dit 
ferential pressure. Experience with pitot venturimeten 
has not been satisfactory. With pressure drop contributin, 
a substantial part of the power cost of the Plant, the uy 
of essentially zero-pressure-drop pitot venturimeters Would 
be highly advantageous. The reason for their failure ty 
date is not definitely known; it is probably due to pluggin 
of the openings with a small particles of water or Pee 4 
dioxide ice. 

The only liquid stream requiring flow measurement js 
the nitrogen reflux, which was discussed previously, ; 


TRANSPARENT 
PLASTIC EXTENSION 
FIBRE CUSHION a 


-PYREX GLASS __ 





FIBRE GASKET y _ 























Fig. 8. Modified gage glass. 


A visual indication of the level of cold liquid in a vessel 
has proved useful as a check on mechanical indicators, A 
conventional gage glass would, of course, quickly become 
coated with opaque ice. However, a modification using a 
deep Lucite window has proven satisfactory (Fig. 8). The 
heat leak through the window is so small that the amount 
of boiling which occurs in the glass does not seriously affect 
the indication of level. 

One important factor in the power requirement of oxy- 
gen production is heat leaking into the cold sections of the 
plant from the ambient atmosphere. Added refrigeration 
must be supplied to offset this heat leak. Although the leak 
is minimized by the use of insulation, it is still significant. 
Also, during operation faults may develop in small areas 
of insulation. Local heat-leak measurements have been 
made with some success by means of thermopiles encased 
in a low-conductivity pad (Fig. 9). This particular device 
was constructed and calibrated in the field by H. P. 
Hnilicka? of Carthage Hydrocol, Inc. Soft rubber was 
selected because the thermopile could be sealed within the 
pad by vulcanization, and the soft rubber accommodates 
itself to surfaces which are not exactly flat. A special 
calorimeter was used to calibrate the unit; the heat flow 
was measured as a function of the temperature difference 
across the pad. A reliable and accurate instrument based 




















type instry 
anged, hay, 
S With ad, 
1t-Off Valve 
00d services 
>w-tempery, 
xity of th 
ry. 
perature by 
equate wit, 
hent of dif 
iturimeter, 
ontributing 
nt, the Use 
ters woul; 
failure ty 
© plugging 
or carbon. 


irement js 
ly. 





1 vessel 
ors, A 
become 
sing a 
). The 
amount 
r affect 


f oxy- 
of the 
ration 
e leak 
ficant. 
areas 
been 
rcased 
device 
AS 2 
" was 
n the 
dates 
pecial 
, flow 
rence 
based 
















LEPLAB | 





For many years the thermopile has 
been the accepted instrument for meas- 
uring Radiant Heat from Radiant Heaters 
at the American Gas Association Testing 
Laboratory in Cleveland, Ohio. Since 
1930, when Vandaveer first described his 
work in this field,* an Eppley thermopile 
has been used for this purpose in hun- 
dreds of tests and the results have been 
consistent and accurate to within 1 per 
cent. 

This is but one of many applications in 
the field of radiant energy measurements 
for which Eppley Thermopiles are ideally 
suited. They may be obtained with win- 


Thermopiles 


dows of different materials, and various 
types of black are available for receiver 
coatings. 


All Eppley Thermopiles are supplied 
with a certificate of calibration, this 
calibration being made against a Stand- 
ard Lamp from the National Bureau of 
Standards. 


If you have a problem involving the 
measurement of radiant energy we invite 
you to write us, describing your problem 
in as much detail as possible. We will 
be glad to make recommendations and 
there will be no obligation. 






*Vandaveer, Industrial & Engineering Chemistry, Vol. 22, page 596, June 1930. 
BULLETIN No. 3 ON REQUEST 
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Our Leadership for nearly a 
half century is your assur- 
ance of complete satisfac- 
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PHILADELPHIA THERMOMETER CO. 


4400 N. Sixth St. 
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Steady, 
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guaranteed. 
Feel free to consult with our 
specialized staff on any 
problem in our. field. 
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SHAFTS 

Low friction, long life, accurate, metal- 
lographic finish, and low cost. 
PIVOTS 

Micro-smooth instrument pivots. 
TUBES 

In diameters up to %” cut and formed 
in a variety of materials. Burr free 
cutting. 

PIVOT -SETSCREW-NUT ASSEMBLY 

Low friction, rugged instrument type. 
Available in any quantity. Versatile. 
SHAFTS AND BALLS 

For sleeve type radial and single ball 
thrust bearings. Low cost. Extremely 
rugged. 

WELTON INSTRUMENT SOLDER PASTE 

A soft solder for hair springs, etc. No 
corrosion after soldering. 
WELTONOIL-TREATED BUTTONWOOD PITH 
For cleaning and lubricating 
instrument shafts and pivots. 


Service on Miniature Parts 
Centerless Grinding. Swadging. Thread Roll- 
ing. Knurling. Burr-free Tube Cutting. Rod 
Cutting. 

ENGINEERING ASSISTANCE ON ALL ITEMS 








ENGINEERING COMPANY inc 


SUMMIT, N. J 


March 1952—Instruments—Page 357 
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precision potentiometers 


... Helipot 


HAS THE ANSWER! 


World’s largest manufacturer of precision potentiometers 








HELIPOT offers a unique combination 
of unequalled “know-how”, advanced 
manufacturing facilities and experi- 
enced personnel for solving your par- 
ticular problems in the application of 
precision potentiometers to modern 
electronic circuits. 


Suppliers to both Government and in- 
dustry, HELipot has developed high 
speed winding, assembling and testing 
equipment that combine custom-built 
precision with mass-production econ- 
omies. Multiple and single-turn designs 
... Single and double shaft extensions 
».. ganged assemblies... custom- 
spaced taps...multi-turn dials... these 
and many other special features are 
part of the daily output at HELtPot! 


If you have a problem requiring 
precision potentiometers, bring it to 
“Hewipot Corporation—world leader 
in its field. A call or letter outlining 





First in the field with ball 
bearing shaft supports as a 
standard production feature 
is the Model J Helipot. The 
single-turn “J” offers 1 oz. 
Starting torque, continuous 
rotation, 3-way servo mount- 
ing, custom taps, 5 watts 
power rating, 50 to SOK 
ohms resistance, +0.5% 
linearity. As many as 6 units 
can be mounted on one shaft 
and independently phased 
after installation. Send for 
complete data. 





your problem will receive immediate 
attention! 








REPRESENTATIVES IN ALL PRINCIPAL CITIES 
Export Agent: Frathom Co., New York 18, N. Y. 


THE Helipot CORPORATION * SOUTH PASADENA I 1, CALIFORNIA 









See ee ee ee ee ee . 


Before you select a Tempera- 
ture Regulator, compare low-cost 
Stacon with the rest. No other 
regulator has as many features 
or offers as many advantages as 
a Farris Stacon. 






































PROVE IT! 
Make this Chekchart Test ——_,, 
Farris Air Self 
Stacon Operat€d Operated 
© Dirt Proof — Hermetically 
Sealed? Yes 
© Extreme Accuracy? = nh eA Eee Cree RRR 
® Packing or Glands to Leak? a i eereeatreneee.” REE eee a en 
® Drop-tight Shut off? Yes 
© Vapor-steam Energized 
Super Power Pilot? Yes m oe 
- ® Supervision—Maintenance? None de a3 





Write for Stacon Bulletin 50-1000. It contains complete informa- 
tion on the most sensitive, accurate, economical temperature 
regulator available . . . anywhere. 


Farris Stacon Corp. 
COMMERCIAL AVE. PALISADES PARK, N. J. 
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on the principle used by Hnilicka (or on any other princi 
ple) which could be purchased rather than developed in th 
field would be extremely useful to the oxygen producer 

In the simple tonnage-oxygen plant, inspection of th 
product consists solely of analyzing the product steams 
for oxygen. This can be done adequately by the use of 
modified Orsat absorption unit. A continuous record of 
oxygen content of the oxygen product is being made in two 
large plants, using magnetic-type analyzers developed from 
the earlier Pauling oxygen meter. Such instruments have 
proved reliable and convenient. The only other chemical 
analysis of importance is the determination of acetylene jn 
the reboiler liquid. This analysis is carried out in the 





Fig. 9. Rubber pad and thermopile for measuring heat flow. 


chemical laboratory, using a modification of the method of 
McKoon and Eddy’?. 
SUMMARY 

Instrumentation, being an integral part of the design of 
an oxygen plant, must be planned to minimize the overall 
cost of producing oxygen. This requires a knowledge of the 
workings of an oxygen plant. The unusual design charac- 
teristics of oxygen plants, which determine the general type 
of equipment and instruments required, have been described. 
A general outline of the HRI oxygen plant was presented 
with particular emphasis on the services and functioning of 
the control system. Other instrumentation used to meas- 
ure process variables of the cold section of the plant were 
described also. 
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DISCUSSION 


H. C. Givens: As brought out by Mr. Arnold, the head 
instrument man must first be a good process man and also 
have some knowledge of finance to be able to tell what is 
economical to use. Mr. Arnold made one statement that I 
would like explained. If more oxygen or higher-purity 
oxygen is desired from a plant operating efficiently, the 
flow of air must be increased. Just why is that? 

Arnold: The reason why more air is needed if higher- 
purity oxygen is desired is that the greater the degree of 
fractionation required, the lower the recovery of oxygen. 
In other words, the yield of 95 percent oxygen from a unit 
of air is greater than the yield of oxygen of 97 percent 
purity because it takes more work to do the additional 
fractionating required. 

Givens: There undoubtedly has been a great deal of 
thought about the control of these oxygen plants. Have you 
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The unique design cannot be 
harmed by sudden pressure 
surges, shock loading or severe 
vibration. For accuracy, sensitiv- 
ity, and long service life the 
Dwyer Magnehelic Gage cannot 
be equalled. 


Extreme accuracy results from 
the elimination of friction be- 
tween the flexible diaphragm 
and the indicating mechanism. A 





gnetic force tr 
fluctuations to the 34%” easy-to- 
read dial of the Dwyer Magne- 
helic Gage. 


Send for Bulletin No. 250 for 
complete description today. 


305 S. Western Ave. 
Chicago 12, Ill. 


pressure 





ever tried rotameters with electrical connections to measure 
liquid flows, in place of the orifice meters? 

Arnold: No, we have not. 

Givens: On the liquid-level controllers, have you ever 
tried the internal-flow type or the geiger-counter type that 
has no connection inside your vessels? 

Arnold: No. We have used the displacement meter, or 
we did use it in the first plant. It worked very well, and 
when we find something that works well, we are reluctant 
to change. But I have no doubt that there will be developed, 
or are possibly available now, better methods of control of 
the liquid level than we have used. 

Henry Beekman: Mr. Arnold, has your company done 
anything on the continuous analyzing of a stream for acety- 
lene? 

Arnold: We have not. I would like to ask if you have. 

Beekman: Yes, we have tried infrared analysis; however 
results are erratic and the concentration is so low that it 
is difficult to do anything on a continuous basis. At least 
that is our experience today. 

Givens: Mr. Arnold, do you have any automatic controls 
which provide for reversal of units in the plant? 

Arnold: No, I have described all the automatic control 
equipment that we use. We find that these plants run well 
without it, and I think you undoubtedly have more experi- 
ence than I have with the German plants—particularly 
the smaller ones that are offered for sale now. They have 
an extremely small control-board and few, if any, automatic 
equipments. We have not tried to make our instrumenta- 
tion more automatic than I have described. 
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LASTS UP 10 


e Cuts maintenance 
e Conserves critical materials 
e Easily fabricated and installed 


Dekoron tubing cuts your instrument 
tubing costs two ways: costs less than expen- 
sive alloy or stainless steel tubing . . . lasts 
up to 6 times longer than other types of tub- 
ing even in the most corrosive atmospheres. 


a 8 








Photo of Dekoron instrument lines after 3 years’ 
service in chemical plant. Copper tubing, formerly 
used, was destroyed in 6 months. 


Dekoron instrument tubing has a coating 
of vinyl or polyethylene plastic tightly ex- 
truded over metal tubing to make it virtual- 
ly impervious to moisture, salt, acid fumes, 
alkalis, or corrosive atmospheres. 

Dekoron tubing lengths are joined with 
standard fittings covered with plastic tape. 
There’s no expensive painting, rust-proof- 
ing or other maintenance. . 

If you have a corrosion problem, write 
for data sheet “Dekoron — a Better Kind 
of Corrosion - Resistant Instrument Tub- 
ing.” Tells all about Dekoron tubing... 
also tells how Samuel Moore & Company 
coats customers’ tubing and lowers instru- 
ment tubing replacement costs, A-6096 


Hetojon big 


SAMUEL MOORE & COMPANY 


Dekoron Tubing Division 
MANTUA, OHIO 
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Actuated by an electrical impulse . . . operates on 
the output of a scaler, photo tube, limit switch or any 
similar device. Records counts with relation to time and 
quantity on a roll of tape . . . automatically resets to 
zero. 


In Radioactive Research, it saves precious man hours 
and results in greater economy and efficiency. 


In Industry it maintains a permanent record auto- 
matically, recording production and time each hour. 


Whatever your counting problems, our Engineering 
Department can adapt these Recorders to meet your 
particular need. 


AUTOMATIC 
WEIGHT 
RECORDERS 


Write for interesting 
Booklet SC 13 





STREETER-AMET COMPANY 


4101 N. RAVENSWOOD AVENUE «+ CHICAGO 13, ILLINOIS 


WEIGHT RECORDERS: HI-SPEED COUNTERS 








Do Your Instruments 
Tell The Truth? 





Bethlehem Mercury Oxifier and Gold Adhesion Filter 


Instruments cannot be trusted 
unless the MERCURY in them is CLEAN. 


The Bethlehem OXIFIERS and FILTERS provide an easy, 
economical way of keeping ALL of your mercury ALWAYS 
clean—make it a laboratory habit, not a chore. 


Made in 5, 25 and 150-lb capacities. 
Complete sets, $80., $220., and $725. 


Write for Bulletin Hg. 1 


Bethlehem Apparatus Co., Inc. 


887 FRONT ST. HELLERTOWN, PA. 
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8-6. The plate efficiency of a 
vacuum tube is the ratio of 
(a) grid input power to plate 
output power 
(b) grid current to plate cur- 
rent 
(c) output signal power to d-c. 
input power 
(d) output signal power to in- 
put signal power 
8-7. Most triode power-amplifier 
circuits have a load impedance 
that is 
(a) smaller than the plate im- 
pedance of the tube 
(b) equal to the plate imped- 
ance of the tube 
(c) 2 or 3 times greater than 
the plate impedance of the 
tube 
(d) much greater than the plate 
impedance of the tube 
8-8. Class-A amplification differs 
from class-AB amplification in that 
the former has 
(a) less distortion 
(b) less efficiency 
(c) less bias 
(d) all the above 
8-9. A large signal to a class-A 
amplifier can produce 
(a) cut-off distortion on 
tive peaks 
(b) grid-current distortion on 
negative peaks 
(c) distortion on either peak 
(d) all the above 
8-10. A class-B amplifier differs 
from a class-C amplifier in that 
the former has 
(a) no distortion 
*(b) higher efficiency 
(c) less bias 
(d) all the above 


8-11. Class-C operation differs 
from class-B operation in that the 
former has 

(a) higher efficiency 

(b) more distortion 

(c) greater bias 

(d) all the above 


8-12. An amplifier designed to 
amplify a small pickup signal with 
no distortion should be operated 

(a) class A 

(b) class B 

(c) class C 

(d) class D 


8-13. An audio-amplifier stage 
designed to drive a loudspeaker 
that requires considerable power 
should be operated 

(a) class A 

(b) class B (single-stage) 

(c) class B (push-pull) 

(d) class CO (single-stage) 

8-14. A single-stage class-B am- 
plifier stage with a resonant-tank 
plate load can produce an output 
signal with low distortion because 
of 


posi- 


(a) small bias 

(b) small load impedance 
(c) flywheel action 

(d) push-pull action 


8-15. Amplitude, phase, and fre- 


Instrument Electronics—Test Items 


Continued from page 331 


uence stor ike j 
nee y distortion are alike in that 
(a) changes the 
signal mS ” 
(b) is caused by nonlinearity of 
the characteristic curve 
(c) results from improperly dg. 
signed coupling networks 
(d) can do all the above 
8-16. The stages of a 5-sta, 
voltage amplifier have gains . 
10, 100, 70, 20, and 20. "The in. 
put signal required to give an 
output signal of 28 volts ig 
(a) 1 microvolt 
(b) 1 millivolt 
(¢) 220 microvolts 
(a) 220 millivolts 


: 8-17. In an RO-coupled ampli- 
fier, the reactance of the coupling 
capacitor affects the frequency Ye- 
sponse primarily at 
(a) low frequencies 
(b) mid band 
(ec) high frequencies 
(d) all the above 
8-18. In an RO-coupled ampli- 
fier, the plate load resistance af. 
fects the frequency response pri- 
marily at 
(a) low frequencies 
(b) mid band 
(ec) high frequencies 
(d) all the above 
8-19. The coupling capacitor in 
an RC-coupled stage can not have 
very high capacitance because 
(a) low-frequency signals wil} 
be blocked 
(b) the tube will be blocked by 
a large signal 
(ce) high-frequency response will 
be reduced 
(d) the tube can be burned out 
8-20. An advantage of imped- 
ance coupling over RC coupling 
is that the former has 
(a) better frequency response 
(b) fewer components 
(c) less d-c. plate load resist- 
ance 
(d) lower operating plate volt- 
age 
8-21. An advantage of trans- 
former coupling over RO coupling 
is that the former has 
(a) gain in the coupling net- 
work between stages 
(b) less d-c. plate load resist- 
ance in the first stage 
(c) less d-c. resistance in the 
grid circuit of the second 
stage 
(d) all the above 
8-22. A disadvantage of direct- 
coupled d-c. amplifiers is 
(a) instability 
(b) low gain 
(c) poor frequency response 
(d) all the above 
8-23. A chopper-type amplifier 
differs from a direct-coupled am- 
plifier in that the former 
(a) amplifies a-c. signals only 
(b) amplifies d-c. signals only 
(c) uses a-c. coupled stages 
(d) has less gain 
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This does it 


Anam 


Triple-lok , , , 3-piece 
flare fitting famous for 
its sleeve ,, , the eas- 
jest way to install tub- 
ing systems. Made in 
brass, steel, stainless 
steel, aluminum alloy, 


Precision Mark of 


leakproof Tube Fittings 
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(IMlustration based on material furnished through courtesy of Bailey Meter Co.) 


Tube th up..Fouget it! 


WITH 


Take meter panels, for example, where 
delicate instruments, actuated by air, 
steam or other fluids, must register with 
optimum accuracy at all times, More and 
more manufacturers of precision instru- 
ments and panel boards are choosing 
PARKER Triple-lok Fittings to make 
their tubing systems remain leakproof 
throughout their long service life, 
PARKER Triple-lok Fittings—as 
specified by the A.5.M.E, Code for Pres- 
sure Piping—are designed and precision 
made to he leakproof under even the 
severest conditions of yibration—elevated 


PARKER TRIPLE-LOK FITTINGS 


temperatures—high pressures—and re- 
peated assembly...and to hold leakproof 
beyond tube bursting pressures. You will 
find PARKER Triple-lok Fittings not 
only on delicate instrument panels, but 
on all kinds of equipment where leakage 
in the tubing system would be too costly 
to be tolerated, 

So tube it up and forget it . . . with 
Triple-lok Fittings, Ask your PARKER 
Distributor for PARKER Tube Fitting 
Catalog 4300, or write us direct. The 
PARKER Appliance Company, 17325 
Euclid Avenye, Cleveland 12, Ohio, 


|Demalear 


TUBE FITTINGS © VALVES ¢ O-RINGS 
Plants in Cleveland + Los Angeles + Eaton, Ohio + Berea, Ky, 
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B. W. Rogers Co. 
850 So. High St. (9) 


Carey Machinery & Supply Co. 


3501 Brehms Lane (3) 


Whitehead Medal Products Co. 


4300 E. Monument St. (5) 
Standard Brass & Mfg. Co. 
705 Milam St. 

A. E. Borden Co., Inc. 

176 Brookline Ave. (15) 
Whitehead Metal Products Co. 
2128 Elmwood Ave. (7) 
Whitehead Metal Products Co. 
281 Albany St. (39) 


Globe Machinery & Supply Co. 
E 


309 8th Ave., S 

Wallace Tube Co. 

1300 Diversey Parkway (14) 
Williams & Co. 

3231 Fredonia Ave. (29) 
W. M. Pattison Supply Co. 
777 Rockwell Ave. (14) 

B. W. Rogers Co. 

1900 Euclid Ave. (15) 
Williams & Co. 

3700 Perkins Ave. (14) 
Williams & Co. 

851 Williams Ave. (8) 
Metal Goods Corp. 

6211 Cedar Springs Rd. (9) 


Globe Machinery & Supply Co. 


410 East Second St. 

J. N. Fauver Co. 

1534 Keystone Ave. (10) 
Metal Goods Corp. 

2425 Walnut St. 


Globe Machinery & Supply Co. 


East First & Court Ave. (6) 
J. N. Fauver Co. 

49 West Hancock St. (1) 
Whitehead Metal Products Co. 
1000 South Fourth Ave. 
Metal Goods Corp. 

711 Milby St. (3) 
Standard Brass & Mfg. Co. 
2018 Franklin St. (1) 

F. H. Langsenkamp Co. 
229 E. South St. 

Metal Goods Corp. 

1300 Burlington Ave. (16) 
Leinart Engineering Co. 
412 E. 5th Ave. 


Haskel Engineering & Sup. Co. 


721 W. Broadway, 

Glendale (4) 

Metropolitan Supply Co. 

353 East 2nd St. (12) 

J. E. Dilworth Co. 

730 South Third St. 

Morman Belting & Supply Co. 
522 W. State St. (3) 
Wallace Companies 

of Wisconsin, Inc. 

838 So. 6th St. (4) 

Vincent Brass & Copper Co. 
100 North 2nd St. (1) 

Metal Goods Corp. 

432 Julia St. (12) 

Noland Company 

27th St. & Virginia Ave. 
Whitehead Metal Products Co. 
303 West 10th St. (14) 

R. W. Hudgins & Son 

3 Commerce St. (10) 

Louis H. Hein Co. 

15 West Lancaster Ave. 
Ardmore, Pa. 

Whitehead Metal Products Co. 
1955 Hunting Park Ave. (40) 
Williams & Co. 

901 Pennsylvania Ave. (33) 


Hydraulic Power Equipment Co. 


2316 N. W. Savier St. (10) 
Noland Company 
11 Salem Ave. (10) 


General Machinery & Sup. Co. 


1346 Folsom St. (3) 

Eagle Metals Co. 

4755 First Avenue South (4) 
Metal Goods Corp. 

5239 Brown Ave. (15) 
Whitehead Metal Products Co. 
207 West Taylor St. (4) 
Williams & Co. 

650 E. Woodruff Ave. (2) 
Metal Goods Corp. 

302 North Boston (3) 
Mercator Corp. 

438 Walnut St. 

Reading, Pa. 

Railway & Power Engineering 
Corn. Ltd. Montreal, Toronto 








Mercury—The Purest Metal 


Continued from page 312 


gold. If mercury is caused to flow 
through a ring of gold surrounding an 
aperture set in a tube, the mercury 
forms a metallic bond with the gold. 
The bond stops any contaminants from 
creeping between the side walls and the 
liquid, a phenomenon occurring when- 
ever mercury is in movement. It is the 
same phenomenon which causes the oil 
in one leg of an oil-pressure manometer 
to work through and appear on top of 
the other leg, and which causes the 
escape of nitric acid through the mer- 
cury seal of an acid tower. In the gold- 
adhesion filter tube, the mereury which 
passes through the gold ring is drawn 
from the body of the fluid and thus 
does not carry any surface contaminant. 

An interesting and important point 
to remember in the handling of mer- 
cury is that when it is agitated in con- 
tact with oxides, dust, or other finely 
divided particles, the particles are so 
completely submerged in the mercury 
that a considerable length of time is 
required for them to rise to the sur- 
face. Finely divided aluminum oxide, 
for example, can continue to rise for 
three days. An essential part of the 
cleaning process, therefore, is a period 
of standing. 


Although mercury is the purest metal 
obtainable, maintenance of this purity 
requires careful attention. 
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MICO 
Precision Apparatus 


TOROID COIL WINDERS 





Wide-range, laboratory-type 
machines available for winding 
samples and small production 
runs of toroid coils. Production 
machines built to meet specific 
requirements. 


MICO INSTRUMENT CO. 


86A Trowbridge St., Cambridge, Mass. 






















@ MICROTORQUE Variable Resistors and 
Potentiometers require as little as .003 
in. oz. torque to operate. This unique fea- 
ture makes the MICROTORQUE invaluable 
for applications where the position of in- 
strument pointers, gyroscopes, and delicate 
instruments in general must be recorded, 
transmitted or indicated at a distance, 
and Giannini are the sole makers of 
MICROTORQUE Potentiometers. 

A variety of resistance values and 
circuits available. 














Write for bookle?. 
G.M. Giannini & Co., Inc. 
Pasadena 1, California 


e & @ 
( giannini 
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PRECISION 
INSTRUMENTS 


For an illustrated description of how PERMOPIVOTS are made, ask for the 
PERMOPIVOT booklet. For information on production of sub-miniature parts 
and assemblies, ask for the PERMO PRODUCTS booklet. Both free on request. 





PANELS OF ANY DIMENSIONS 
IN YOUR OWN SHOP 


1 ogee 
with the Ais VU 


The only portable machine which reproduces 
15 sizes from one master alphabet. 


The only one with adjustable copy holding 
slides for multiline engraving in one set-up. 


Self-centering holding vise for nameplates 


Send for Booklets 
1-S-37—portab'e model # H-37—heavy duty model 


NEW HERMES, Inc. 


13-19 University Place, N.Y. 3, N.Y. 





DA. 25 re rene, ao 
CANADA: 359 St. James St., Montreal 
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Calendar of Important 


Instrumentation Events 


1952 


April 1 

New Jersey Section, ISA, Symposium “Use ana 
Application of Control Valves.” For informatio 
write L. H. Ballinger, 2371 Channing pee 
Westfield, N. J. er 


April 3-4 

Instrument Society of America, Pittsburgh See. 
tion. 

Second Annual Regional Conference, “Instry. 
mentation for the Iron and Steel Industry,” 
Roosevelt Hotel, Pittsburgh. 

For information write W. C. Langerman, Fisher 
Scientific Co., 711 Forbes St., Pittsburgh 19, Pa 


April 3-8 

36th Annual Exhibition of Scientific Instruments 
and Apparatus, Royal College of Science, Lon. 
don, England. For information write Physical 
Society, 1 Lowther Gardens, London, S.W. 17 
England. i 


April 27-May 6 

Heavy Industries Fair, Hanover, Germany, This 
fair includes exhibits of instruments for meas. 
urement, inspection, testing and control, For 
information write Deutsche Messe- und Ausstell. 
ungs-A.G., Hannover, Messegelaende, Germany, 


May 1952 

American Association of Spectrographers, Sym- 
posium on “Instrumental Methods of Analysis in 
the Non-Ferrous Industry.” Contributed papers 
in this field are invited, write to Robert Raisig, 
c/o Apex Smelting Co., 2537 W. Taylor St, 
Chicago 12, Ill. 


May 2-3 

Association for Computing Machinery, Spring 
meeting. For information write F. A. Schwertz, 
Mellon Institute of Industrial Research, Uni- 
versity of Pittsburgh, Pittsburgh 13, Penna. 


May 4-8 
Klectrochemical Society, Fiftieth Anniversary 
Meeting, Benjamin Franklin Hotel, Philadelphia. 
















HARDNESS 
TESTING... 


done WITH NO MENTAL 
HAZARDS. The SCLERO- 
SCOPE has done it for the 
past 42 years. 


In general use 
for specification 
purposes. Sim- 
ple, sturdy. 
Comparatively 
inexpensive. 


lilustrated 
bulletins 


free 


The Shore Instrument 
& Mfg. Co., Inc. 


90-35 Van Wyck Expressway 
Jamaica 2, N. Y. 











on Instrumentation have been scheduled. 
For information write Dr. Henry Linford, Sec., 
235 West 102 St., New York 25. 


May 5-16 

British Industries Fair. Earls Court & Olympia, 
London includes laboratory and scientific instru- 
ments; Castle Bromwich, Birmingham, includes 
industrial instruments. For information write 
Board of Trade, Imperial Chemical House, Lon- 
don, S.W.1, England. 


May 6-9 

Scientific Apparatus Makers Association. 
Annual Meeting of all Sections. 
Edgewater Beach Hotel, Chicago. 


May 7-9 

Institute of Radio Engineers. 

National Conference on Airborne Electronics. 
Riltmore Hotel, Dayton, Ohio. 

For information write E. K. Gannett, 1 Faust 
79th St., New York 21. 


May 13 

American Association of Spectrographers Sym- 
posium “Instrumental Methods of Analysis in 
the Non-Ferrous Industry,” Society of Western 
Engineers Building, 84 E. Randolph St., C\i- 
cago, Ill. For information write Robert Raisig, 
c/o Apex Smelting Co., 2537 W. Taylor St., 
Chicago 12, IIl. 


May 14-16 

Society for Experimental Stress Analysis, Spr'nz 
meeting, Lincoln Hotel, Indianapolis, Ind. For 
information write V. H. McNeilly, 1207 Parkway 
Court, Lafayette, Ind. 


May 16-17 

Southwestern Institute of Radio Engineers. 
Conference and Radio Engineering Exhibit. 
Rice Hotel, Houston, Texas. 


May 18-25 

Achema X—Chemical Meeting ani Exhibit. 
Frankfurt, Germany. At the same time and place 
the 25th International Congrcss for Incustrial 
Chemistry will be hild. Instruments will be ex- 
hibited. For information write Dr. H. Bretsch- 
neider, Deutsche Gesellschaft fuer Chemisches 
Apparatewisen, Frankfurt am Main 13, P.O. Box 
1337, Germany. 
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Bat and Machines” Symposium, Profes- 
sna] Group on Industrial Electronics, Institute 
: Engineers, Palmer House, Chicago. For 

write Euger® Mittelmann, 549 W. 

Washington Blvd., Chicago 6, Ill. 


22-24 
May Society for Quality Control, Onondaga 


Syracuse, N. Y. For information write 
W. Be Weaver, Gen. Chm., 1527 Republic Bldg., 


Cleveland 1, Ohio. 


June 11-13 ; , 
American Congress on Surveying and Mapping 


qwelfth Annual Meeting and Exhibit. 

Shoreham Hotel, Washington, D. C. 

For information write Walter S. Dix, Ex. Sec.. 
p, 0. Box 470, Benjamin Franklin Station, 
Washington 4, D. C. 


June 19-21 

ASME Applied Mechanics Division Symposium 
on Shock and Vibration Instrumentation, Penn- 
gylvania State College, State College, Pa. For 
information write W. D. Kroll, Physicist, Na- 
tional Bureau of Standards, Washington 25, D.C. 


Jane 23-27 

ASTM 50th Anniversary Meeting and 10th Ex- 
hibit of Testing Apparatus and Laboratory Sup- 
plies, Hotel Statler, New York, N. Y. For in- 
formation write Robert J. Painter, Asst. Sec., 
American Society for Testing Materials, 1916 
Race St., Philadelphia 3, Pa. 


Sept. 4-13 
International Society of Photogrammetry, Shore- 
ham Hotel, Washington D. C. For information 
write L. Ray Smart, U. S. Geological Survey, 
Trimetrogon Section, Washington 25, D. C. 


Sept. 8-12 

Instrument Society of America. 

Secnth National Instrument Conference and 
Exhibit. 

Public Auditorium, Cleveland, Ohio. 


Sept. 29-Oct. 1 
Eighth National 
Exhibition. 
Sherman Hotel, Chicago. 

For information write Karl Kramer, Ex. See., 
852 E. 88rd St., Chicago 19. 


October . 

Scientific Apparatus Makers Assuciation. 
Midyear Meeting of Recordcr-Controller Section 
Seaview Country Club, Absecon, N. u. 


Electronics Conference and 


Nov, 5-9 

Scientific Apparatus Mukers Association. 
Midyear Meeting of Indust:ial Instrument, Lab- 
oratory Apparatus, Laboratory Equipment, Op- 
tical, Aeronautical, and Military Instruments 
Sections. 

The Homestead, Hot Springs, Virginia. 





WANTED 


Recent college graduate 
interested in magazine ad- 
vertising sales work in the 
Instrument and allied indus- 
tries. 


* * * 


Should have at least two 
years experience in the in- 
strument field. ° 


* * * 


Location: New York area. 


* o * 


Write to Box 181, The In- 
struments Publishing Co., 
Inc., 921 Ridge Ave., Pitts- 
burgh 12, Penna. 






































| Ideal for second operations or experi- 
mental work on small instrument 
parts where sensitivity is required. 
Releases expensive, larger lathes for 
more suitable work. Full line of 
accessories available. 


SAY GOODBYE 


TO BIG PROBLEMS 
WITH SMALL PARTS 
INVESTIGATE 


[E VIN 


PRECISION 

JEWELER’S LATHES, 
ACCESSORIES AND 
MICRO-DRILL PRESSES 


SEND FOR 
COMPLETE CATALOG 






An extremely sensitive drill press for very 
small drills down to .002”. Drills held in 
accurate collets to minimize deviation. 
Spindle run-out less than .0001”. Finger 
tip control enables operator to feel 
progress of drill. 


LOUIS LEVIN & SON, INC. 
783 E. Pico Bivd., Los Angeles 21 











TANKOMETER 


FOR MEASURING TANK 


CONTENTS ANY DISTANCE AWAY 
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MAGNABOND 


A BASIC ADVANCE 
IN INSTRUMENTATION 


...increases Mercury 
Manometer accuracy 


..- solves the “pres- 
sure-tight bear- 
ing” problem by 
eliminating it! 


F&P MERCURY 
MANOMETER 


The F&P MERCURY MANOMETER 
flow meter utilizing the patented 
separation-proof MAGNABOND 
magnetic coupling brings added 
safety, accuracy, and mainte- 
nunce-free operation to variable- 
head metering. The frictionless 
MAGNABOND coupling transmits 
the manometer float position with- 
out need for pressure tight bear- 
ings, lubricants, maintenance. 


The F&P MERCURY MANOMETER 
features stainless steel elements 
permitting direct measurement of 
many corrosive fluids without the 
need for purges or seals. A vari- 
ety of combinations of indicating, 
recording, integrating, and con- 
trolling Mercury Manometer in- 
struments are available. 


WRITE FOR 
CATALOG 37 


FISCHER & PORTER CO. 


Dept. 2N-5c 


HATBORO, PENNA., U.S.A. 


SALES ENGINEERING OFFICES 
THROUGHOUT THE WORLD 
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Vanufacturers 
Literature 


New 


In this department we report new literature, pertaining to instrumentation, 

ceived from the manufacturers. We urge readers to request ONLY those bullefi 

which will be of value to them. Use the Postage-free Order Card on Page 37 
Requests for literature FROM ABROAD should be made on company letterhead ani 


ma‘led DIRECTLY to the manufacturers. 





Temperature 


U-177 Multi-point Temperature Re- 
corder. 4-page Data Sheet 10.0-9 de- 
scribes applications, operation, and per- 
tinent details of new “ElectroniK” 
scanning system for automatically 
measuring up to 270 temperature 
points. Recorder, control, and recti- 
fier units and chart records are illus- 
trated.—Sta. 40, Brown Instruments 
Div., Minneapolis-Honeywell Regulator 
Jo., Wayne & Windrim Aves., Phila. 
44, Penna. 


U-178 Temperature Control. 4-page 
Specification Sheet 609 describes 
“Electr-O-Vane” indicating and record- 
ing temperature controllers with snap- 
action electric contacts.—Sta. 40, Brown 
Instruments Div., Minneapolis-Honey- 
well Regulator Co., Wayne and Win- 
dram Aves., Phila, 44, Penna. 


U-179 Temperature Control. 4-page 
Specification Sheet 114 describes and 
illustrates maker’s “Pyr-O-Vane” milli- 
voltmeter pyrometer with 1, 2, or 3 
position electronic control. Gives speci- 
fications, ranges, and control forms.— 
Sta. 40, Industrial Div., Minneapolis- 
Honeywell Regulator Co., Wayne & 
Windrim Aves., Phila. 44, Penna. 


U-180 Cam Programmer Thermom- 
eters. 16-page illustrated Catalog 6020 
describes a compact efficient approach 
to the problem of time-temperature con- 
trol. Includes use, advantages, and 
versatility of new instrument that com- 
bines as many as six functions from 
standard instrument case.—Station 40, 
Brown Instruments Div., Minneapolis- 
Honeywell Regulator Co., Phila. 44, 
Penna. 


INSTRUMENT & CONTROL 
CONSULTANTS 


U-181 Temperature Control. 4-pags 
Vol. 11, No. 2 issue of “Wheeleo Com. 
ments” presents articles on use 
“Capacilog” temperature controller-rea 
corders in aluminum and magnesiu Y 
molding and casting, and on paint-dry 
ing ovens.—Wheelco Instruments Co, 
Harrison & Peoria Sts., Chicago 7, 


U-182 Contact-type Contre 
page Bulletin G1 describes “Siar plys 
trol” electric-contact type indicating g 
automatic controllers which operate on 
as little as 0.5 microampere or D1 
millivolt full-scale from primary ele 
ments for temperature, displacemen 
speed, etc.—Assembly Products, I 
Main at Bell St., Chagrin Falls, Ohi 


U-183 Temperature Control. 527 
page illustrated Catalog 400 describes” 
maker’s large line of “Thermoswiteh 
temperature controllers. Includes fe; 
tures, operation, installation, and selec- 
tien data. Reaction time, thermal and 4 
electrical specifications -are given in” 
comparison with competitive produets, : 
—Fenwal, Inc., Ashland, Mass. on 


U-184 Surface-temperature Ther- © 
mometer. 1-page illustrated Data Unit ~ 
206 covers features and application of ~ 
new small “Pandux Model 310” sur = 
face-temperature thermometer.—Pacific ” 
Transducer Co., 11921 W. Pico Blvd, 7 
Los Angeles 64, Calif. a 


U-185 Industrial Freezers. 4-page” 
specification bulletin lists 45 models > 
capable of maintaining temperatures of © 
minus 165 deg. F.—Webber Appliance ™ 
Co., Inc., 2740 Madison Ave. , Indianap-~ 
lis, Ind. i 

fay 


U-186 Chilling Machines. 8-pa 


ee ena 


Engineering Services, lest 
ing Laboratories and other 


Professional Services 








FLUID CONTROLS CO., 


INC, 
Control Engineers 
Procurement, Application, Design and Installa- 
tien Supervision of control systems in Refin- 
ing, Chemical, Aircraft, Power and 
associated industries. 


NEW YORK a 


Paper, 
BALTIMORE 





ENGINEERING DIVISION 
M. S. JACOBS & ASSOCIATES, INC. 


APPLICATION & ENGINEERING OF 
INDUSTRIAL PROCESS CONTROLS 
SPECIALIZING IN THE STEEL & 
CHEMICAL INDUSTRIES. 


810 NOBLESTOWN ROAD e CARNEGIE, PA. 
TELEPHONE (Pittsburgh, Pa.) Walnut 1-6140 











Your card as per above in 12 issues of 


INSTRUMENTS for $100, payable in advance. 
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prevents dangerous or costly leakage 


The bellows seal of the Honeywell Series 700 Valve is 

a metal barrier which insures against loss of valuable or 
dangerous fluids... cannot buckle or'twist . . . is 
precision-machined . . . takes pressures up to 600 pounds. 
The Honeywell Series 700 wide band proportional control 
valve comes in a full range of styles and sizes... has al] 
oX= We Ct-1 406 d=s-0m Zo)0 Ue (ole) ab Co) am bolt Wb obeX-h'Z-Uh'c-m | Bol c-Mn (olel-b'an (0) 


your copy of Bulletin 700-2. 


MINNEAPOLIS-HONEYWELL REGULATOR CoO., Industrial 
Division, 1908 Windrim Avenue, Philadelphia 44, Pa. 


Honeywell 


V A kL Nees wor O.D UC 1.5 


Fit tw Coutools 















RECORDING 
GALVANOMETERS 





The Century Model 210 Galvanometer 
has been designed and tested for the 
utmost in performance under any con- 
ditions. The unique small tubular type 
construction permits their installation in 
practically any type or make of photo- 
graphic recording oscillographs. These 
galvanometers are offered at low cost 
over a wide range of frequencies and 
sensitivities to satisfy most recording 
requirements. For additional informa- 
tion, write for our Catalog No. CGC 
206. 

Manufactured under Century Pat. 


2439576, also licensed by Kannes- 
tine Laboratories Patent 2149442. 


= Coit 


CENTURY GEOPHYSICAL 
CORPORATION 
1340 North Utice 
Tulsa, Oklahoma 


EXPORT OFFICE: 1505 Race Street 
149 Broadway, N. Y. Philadelphia 


World’s Largest Manufacturer of 
Geophysical and Special 
Galvanomelters 
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NEW LITERATURE 











folder describes advantages of low- 
temperature metal treatment; gives 
technical data on methods and results 
of chilling various metals and alloys. 
Standard and special chilling machines 
are illustrated and described with speci- 
fications—Sub-Zero Products Mfg. 
Div., Deepfreeze Distributing Corp., 
3928 Reading Rd., Cincinnati 29, Ohio. 


U-187 Chilling as a Metallurgical 
Process. 16-page illustrated reprint de- 
scribes techniques in shrinking metal, 
treating and seasoning tool steels, test- 
ing metals and materials, and applica- 
tions in industries—Sub-Zero Products 
Mfg. Div., Deepfreeze Distributing 
Corp., 3932 Reading Rd., Cincinnati 29, 
Ohio. 


Pressure 


U-188 Pressure Control. 8-page il- 
lustrated Bulletin 16-1 presents princi- 
ple of operation, specifications, and de- 
sign features of “Honeywell Pressure 
Pilot” non-indicating pilot-operated 
pressure controller.—Sta. 40, Industrial 
Div., Minneapolis-Honeywell Regulator 
Co., Wayne & Windrim Aves., Phila. 
44, Pa. 


U-189 Pressure and Vacuum Gages. 
12-page catalog illustrates and de- 
scribes maker’s large line of slack-tube 
manometers, “magnehelic” gages, hook 
gages, smoke gages, etc. Covers fea- 
tures and specifications —F.W. Dwyer 
Mfg. Co., 317 S. Western Ave., Chi- 
cago 12, Ill. 


U-190 Dynamic Pressure Measure- 
ments. 4-page bulletin illustrates and 
describes new “Model DG-101 Dyna- 
Gage” for measuring static and dy- 
namic pressures under extremely ad- 
verse conditions as in jet and rocket 
studies.—Photocon Research Products, 
1062 N. Allen Ave., Pasadena 7, Calif. 


U-191 Gas-pressure Control. Data 
Sheet 7.2-5 describes gas distribution 
control system for consumer areas 
which has eliminated complaints.—Sta- 
tion 40, Brown Instruments Div., Min- 
neapolis-Honeywell Regulator Co., 
Phila. 44, Penna. 


Flow 


U-192 Flow Meters. 40-page Bulle- 
tin F1605 is a detailed and profusely- 
illustrated catalog of “Series 500” me- 
chanical and electrical recording, inte- 
grating, and controlling flowmeters for 
steam, air, gas, oil, water, acids, etc. 
Included are telemetering systems.— 
The Bristol Co., Waterbury 20, Conn. 


U-193 Area-type Flowmeters. 8- 
page Publication 10529 describes “Flow- 
rator” instruments with new “Predict- 
able” metering float which makes it 
possible to stock flowmeters for im- 
mediate shipment.—Fischer & Porter 
Co., Hatboro, Penna. 


U-194 Pumps. 12-page illustrated 
Bulletin W-350-B11A describes centrif- 
ugal pumps for chemical and process 
industries. Also “Worthite” valves and 
mechanical pump seals for corrosive 
liquids—Worthington Pump & Ma- 
chinery Corp., Harrison, N. J. 


Optical 


U-195 Optical Tooling Inst 
6-page Bulletin 808 illustrates amd 
scribes new alignment telescope with 
built-in autocollimating feature, and yp 
usual optical square for use with tele. 
scope. Includes features and advan 
ee, Te cog Co, la. 

ronx Blvd. and E. 280 St., ; 
70, N. Y. —— 


U-196 Photographic Supplies, 7 
page illustrated catalog describes cam- 
eras, accessories, and darkroom su 
plies—Burke & James, Inc., 321 N 
Wabash Ave., Chicago 4, Ill. i 


U-197 Ephemeris. 92-page 1952 Kadi. 
tion “Service Booklet L” includes tables 
of solar ephemeris for 1952. Encloses 
Almanac Supplement of 28 selec 
stars. Also descriptions of maker’ 
transits and other topographic instry. 
ments.—W. & L. E. Gurley, Troy, N.Y, 


Thickness 


U-198 Thickness and Density Gage. 
8-page Bulletin R-52 describes use of 
“Model R_ AccuRay Beta Gauge” in 
rubber and plastics industries.—Indus. 
trial Nucleonics Corp., 1205 Chesapeake 
Ave., Columbus 12, Ohio. 


U-199 Thickness Gage. 4-page il- 
lustrated bulletin describes maker's 
“Elecometer” dry-film se] f-contained 
thickness gage for paint, rubber, tex- 
tiles, ceramics, or any non-magnetic 
coating on magnetic surface.—Gardner 
Laboratory, Inc., Bethesda 14, Md. 


Combustion 


U-200 Combustion Control. 8-page 
case history describes operation of the 
largest independent producer of elec- 
tric power for manufacturing in Con- 
necticut, including equipment, operat- 
ing philosophy, and combustion-control 
system.—The Hays Corp., Michigan 
City, Ind. 


U-201 Combustion Control. 24-page 
illustrated Bulletin 1023 describes mak- 
er’s line of combustion controllers for 
oil-fired and gas-fired boilers. Includes 
principles of operation, records, com- 
ponents of equipment, and typical in- 


* stallations—Bailey Meter Co., 1050 


Ivanhoe Rd., Cleveland 10, Ohio. 


U-202 Oxygen Analyzer. 4-page il- 
lustrated Instrumentation Data Sheet 
10.15-9 describes Beckman “Oxygen 
Analyzer” with Brown “ElectroniK” 
recorder. Covers applications, opera- 
tion, equipment, specifications, and fea- 
tures.—Sta. 40, Industrial Div., Minne- 
apolis-Honeywell Regulator Co., Wayne 
& Windrim Aves., Phila. 44, Penna. 


U-203 Smoke Detector. 2-page Bul- 
letin AC-2 illustrates and describes 
maker’s “Air-conditioning Smoke De- 
tector” that automatically shuts down 
circulation in air-conditioning ducts on 
presence of smoke. Includes principle 
and specifications.—Ess Instrument Co., 
Bergenfield, N. J. 


U-204 Signal Equipment. 32-page 
illustrated Bulletin HSE-1 describes 
complete line of commercial signal 
equipment, including visual annunciat- 
ors, fire alarm stations, in-and-out reg- 
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: ram bell transfer panels, 
- kone systems, sectional cable 
pena fH ete.—Cannon Electric Co., 
wD. Box 75, Los Angeles 31, Calif. 


Level 


in-level Indicator. An- 
Ft sheet describes “Bin-Vue” 
indicator which gives positive signals 
oI Jer pressure or vacuum; usable with 
i bulk materi2l “from feathers to 
jead.”—Cenvair Corp., 4155 Library 
Td. Pittsburgh, Denna. 

1996 River-stage Recorders. 8- 
ae Dee. 1951 issu> of “The Hydro- 
mie” features ar ic’e on miniature 
‘fics's-ippi basin at the U. S. Water- 
ways Experiment Station—Leupold & 
stevens Instruments, Inc., 44.5 N.E. 
Glisan St., Portland 13, Ore. 


Radioactivity 


U-207 Radiation Detectors. 8-page 
Bulletin GEA-5735 describes new radia- 
tion detectors, including radiation moni- 
tor, scintillation counter, portable radi- 
ation probe, area health monitor, gam- 
ma survey meter, alpha hand counter, 
ionization chamber, counter tube, ther- 
mocouple vacuum gage, and impulse 
ecounter.—General Electric Co., Sche- 
nectady 5, N. Y. 


Inspection and Testing 


U-208 Quality-con‘rol Inspection. 4- 
page Bulletin GEA-5738 illustrates and 
describes new “Continuous Sampling 
Monitor” that simplifies quality control 
and eliminates 100-percent inspection. 
Includes photographs, diagrams, and 
operation—General Electric Co., Sche- 
nectady 5, N. Y. 


U-209 Stress Analysis. 8-page Form 
765-A illustrates and describes “Type 
1534-A” dynamic polariscope for photo- 
elastic stress analysis. Covers features, 
advantages, principles, and construction. 
—General Radio Co., 275 Massachusetts 
Ave., Cambridge 39, Mass. 


U-210 Abrasion Test Set. 6-page 
Bulletin 5003 describes “Model 140 Ab- 
raser” for measuring abrasion resist- 
ance of surfaces on quantitative basis.— 
Taber Instrument Corp., 111 Goundry 
St., North Tonawanda, N. Y. 


U-211 Test Instruments for Paint 
36-page catalog describes eighty instru- 
ments, accessories, etc., for determin- 
ing various physical properties of 
paints, varnishes, ete.—Gardner Labo- 
ratory, Inc., Bethesda, Md. 


U-212 Ultrasonic Inspection. 4-page 
Specification Sheet No. 11549 describes 
“Model MS-100” ultrasonic instrument 
for measuring thickness and detecting 
internal flaws.—Photocon Research 
Products, 1062 N. Allen Ave., Pasa- 
dena, Calif. 


_ U-213  Tensile-test Furnaces. 4-page 
illustrated bulletin describes tubular 
furnaces and control panels for tensile, 
creep, and stress-rupture tests of steels 
and alloys.—Marshall Products Co., 270 
W. Lane St., Columbus 2, Ohio. 


U-214 Compression Tester. 4-page 
Bulletin 15 describes: “Model U-12L” 
1500-Ib, scale type compression appara- 
tus, “Model U-13L” hydraulic compres- 











INDUSTRIAL 


RECORDING OSCILLOGRAPH 


FOR VIBRATION, TEMPERATURE, STRESS, STRAIN ANALYSIS 





MODEL 
408 
OSCILLOGRAPH 


The Century Model 408 recording oscillograph was designed expressly for airborne and 
mowile operation. As with all Century products, this oscillograph incorporates the utmost in 
design and workmanship, along with improved features, yet it remains simple in its operation 


and maintenance. 


FEATURES: 

Size: 20" long, 1242” wide, 8%” high. 

Weight: 60 pounds. 

Number of Recording Channels: 6 to 50. 

Detachable daylight loading magazine ac- 
commodating a roll of paper or film 
8” x 200’. 

Friction roller type paper drive by governor 
controlled electric motor with separate mo- 


tor for takeup drive. 
ad. 43 





Paper sp ly and instantly var- 
iable without changing gears or sprockets. 


MODEL 
409 
OSCILLOGRAPH 


Separate optical system for viewing before 
or during recording. 


Glow tube timing system photographing .01 
second and .1 second lines. .01 second 
lines instantly removable by toggle switch 
for slower speeds. : 

Data numbering at beginning of record. 

Footage indicator showing amount of paper 
remaining in magazine. 

Automatic record length control. 

Trace identification. 

Remote control unit. 





The Century Model 409 oscillograph has been designed for recording data where space and 
weight requirements are limited. This oscillograph has been tested to record faithfully while 


subjected to accelerations up to 20 G's. 
FEATURES: 

Sizdi'S” x5" V4", 

Weight: 11 pounds. 

Cast Aluminum case. 


Paper speeds variable 12” to 12” per second. 


Detachable daylight loading magazine with 
a capacity of 356” x 50’ paper or film. 


2 to 12 individual channels. 
Trace identification. 


Trace viewing. 


For Complete Information Write 1340 North Utica 
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GEOPHYSICAL CORPORATION 


TULSA, OKLAHOMA 


1505 Race Street 
Philadelphia, Pa. 


EXPORT OFFICE 
149 Broadway, New York 
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sion apparatus, and “Model U-14L” 125- 
lb. scale type hydraulic testing machine. 
—Labquip Corp., 4520 W. North Ave., 
Chicago 39, Ill. 


Telemetering 


U-215 Telemetering. 4-page illus- 
trated Instrumentation Data Sheet 9.1-9, 
describes Westinghouse “Freq-O-Tron” 
telemetering equipment as used with 
Brown “ElectroniK” recorders for long 
distance telemetering of system vari- 
ables .to central location. Discusses sys- 
tem requirements, principles, applica- 
tion, operation, and features.—Sta. 40, 
Industrial Div., Minneapolis-Honeywell 
Regulator Co., Wayne & Windrim Aves., 
Phila. 44, Penna. 


Air 
U-216 Humidity. 16-page booklet 
“The Moisture in Our Atmosphere” 
gives detailed illustrated description 
of ‘the nature, behavior, and measure- 
ment of atmospheric moisture. Also 
maker’s adsorption-type dehumidifying 


equipment.—Pittsburgh Lectrodryer 
Corp., Pittsburgh, Penna. 


U-217 Air Filters. 16-page Techni- 
cal Report discloses a new method of 
testing and rating air filters, enabling 
designers and users to select filtration 
equipment on a scientific quantitative 
basis.—Farr Co., P.O. Box 10187, Air- 
port Sta., Los Angeles 45, Calif. 


U-218 Air Cleaner and Dryer. Bul- 
letin B30 describes in technical detail 
new “Model B30 Condensifilter” which 
has a capacity of 30 scfm. at 100 psi. 
with a pressure loss of less than 2 psi 
at rated capacity.—Hankinson Corp., 
1501 Beaver Ave., Pittsburgh 33, Penna. 


U-219 Air and Gas Compressors. 4- 
page Bulletin 202-A features descrip- 
tien and double page longitudinal sec- 
tion of a 9-inch-stroke “Oilfreair” com- 
pressor.—Pennsylvania Pump and Com- 
pressor Co., Easton, Penna. 


Chemical Laboratory 


U-220 Laboratory Equipment. 16- 
page Catalog 5201 describes laboratory 
furnaces, furnace control instruments, 
earbon determinator, automatic timer, 
etc.—Boder Scientific Co., 719 Liberty 
Ave., Pitttsburgh 22, Penna. 


U-221 Hydrocarbon Detector. Bulle- 
tin DD-1 describes new “MSA Aromatic 
Carbon Detector” for determination of 
toxic concentrations of benzene, tolu- 
ene and xylene.—Mine Safety Appli- 
ances Co., Braddock, Thomas & Meade 
Sts., Pittsburgh 8, Penna. 


U-222 Chemical Instrumentation. 32- 
page Vol. 21 No. 3 issue of “The Labo- 
ratory” announces and describes new 
products including: standardized appa- 
ratus for paper chromatography, a 
flame attachment for the spectrophoto- 
meter, an improved metallographic 
polisher, new certified precision bur- 
ettes, and new chemical reagents.— 
Fisher Scientific Co., 717 Forbes St., 
Pittsburgh 19, Penna. 


U-223 Laboratory Clamps. New and 
enlarged clamp catalog has 12 pages, 
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features new “Alumaloy” clamps with 
several novel grips, etc.—Laboratory 
Industries, Inc., 4710 West North Ave., 
Chicago 39, IIl. 


U-224 Desiccator. Folder describes 
“Pluro-Jar” desiccator with adjust- 
able shelves for crucibles, etc.—Bethle- 
hem Apparatus Co., Inc., Hellertown, 
Penna. 


U-225 Electro-analysis. 24-page 
“Working Manual for Electro-analysis 
Apparatus” describes setting-up and 
care of apparatus, an introduction to 
the technique, and general conditions 
for plating copper and lead, including 
interferences in determination. Includes 
analysis of brass for copper and lead. 
—Eberbach Corp., Ann Arbor, Mich. 


U-226 Electro-analysis Apparatus. 
4-page illustrated Bulletin 130 describes 
apparatus for quantitative analysis 
of metals by electro-deposition method. 
Discusses construction, operation, appli- 
cations.—Eberbach Corp., Ann Arbor, 
Mich. 


U-227 Chemical Analysis. 16-page 
illustrated booklet describes maker’s 
“Nefluoro-Photometer” which makes 
chemical analysis by colorimetry, fluo- 
rometry, and nephelometry in one elec- 
tronic-optical system. Covers features, 
applications, parts, assemblies, and ac- 
cessories.—Fisher Scientific Co., 717 
Forbes St., Pittsburgh 19, Penna. 


U-228 Marking Tape. Several bulle- 
tins and folders (with samples attached) 
describe “Labelon” pressure-sensitive 
tape on which user can write and which 
becomes waterproof label.—Nevis In- 
dustrial Specialties Co., 29-10 Northern 
Blvd., Long Island City 1, N. Y. 


U-229 Laboratory Equipment. 30- 
page No. 74 issue of “Cenco News 
Chats” features articles on tensiom- 
eters, vapor pressure, sound velocity, 
glass tester, pH meter, and other 
chemical laboratory instruments.—Cen- 
tral Scientific Co.. 1700 Irving Park 
Rd., Chicago 13, Ill. 


Chemical Process Analysis 


U-230 Spectrophotometer. 4-page 
Data Sheet 10.16-13 describes applica- 
tion, operation, and salient features of 
new National Technical Labs. direct- 
transmittancy spectrophotometer, in- 
corporating memory standards to pro- 
vide recording of absorption spectra 
on “ElectroniK” recorder.—Station 40, 
Brown Instruments Div., Minneapolis- 
Honeywell Regulator Co., Wayne & 
Windrim Aves., Phila. 44, Penna. 


U-231 Spectrophotometry. 4-page 
Instrumentation Data Sheet 10.16-2a 
illustrates and describes applicability, 
operation, and features of Beckman 
“Model IR-2” and “IR-2T” infrared 
spectrophotometer used with Brown 
“ElectroniK” recorders, Also describes 
direct transmittancy recording attach- 
ment.—Sta. 40, Industrial Div., Minne- 
apolis-Honeywell Regulator Co., Wayne 
& Windrim Aves., Phila. 44, Penna. 


U-232 Analytical Instruments. 8- 
page Winter 1952 issue of “The Perkin- 
Elmer Instrument News” announces a 
new monochromator and a new infrared 
spectrometer, both employing a new 








double-pass system. Also i 
electrophoretic study of protein ttt 
fer——The Perkin-Elmer Corp, N 

walk, Conn, See 







U-233 Diffraction and Spee ‘ 
Equipment. 60-page catalog titles tt 
ray Diffraction and Geiger-Counter ¥. 
Ray Spectrometric Equipment” cover: 
equipment and components (ty ree 
tifiers, cameras, monochromators “ete, 
Also maker’s new electron micro: 
—Research & Control Instruments De 
North American Philips Co., Ine,, 9 
S. Fulton Ave., Mount Vernon, NY, 


U-234 R-f. Chemical Analyses, 30. 
page Winter 1951-52 issue of “Seien. 
tific Apparatus and Methods” featur: 
a 10-page section reporting ¢ i 
istics of “Chemical Oscillometer” fy 
chemical analyses by measurements of 
electrical properties at radio frequen. 
cies—E. H. Sargent & Co., 4647 W 
Foster Ave., Chicago 30, Ill. ; 


U-235 Viscosity Control. 8-page Bul. 
letin No. V-1000C illustrates and é. 
scribes maker’s viscosity recorders ani 
recorder-controllers. Discusses design, 
performance, operation.—Norerog 
Corp., 247 Newtonville Ave., Newton 
58, Mass. 


U-236 Distillation. 4-page Dats 
Sheet 10.16-14 describes “Podbielniak’ 
apparatus with multi-range “Electron. 
iK” potentiometer for high-tempera. 
ture fractional distillation studies, Dis. 
cusses operation, technique, and other 
pertinent facts.—Station 40, Brown In- 
struments. Div., Minneapolis-Honey- 
well Regulator Co., Wayne and Win. 
drim Aves., Phila 44, Penna. 











Motors 


U-237 Torque Transmission.20-page 
illustrated bulletin presents features 
and specifications of “Telesyn” synchro 
generators, motors, differential gene- 
rators, differential motors, control 
transformers, and __bearing-mounted 
control transformers.—Ford Instrument 
Co., Div. of The Sperry Corp., 31-10 
Thomson Ave., Long Island City 1, 


N. 





U-238 Synchro Motors. 24-page il- 
lustrated bulletin presents features, 
ratings, and specifications of low-in- 
ertia and conventional (medium-iner- 
tiz) servomotors, and _ synchronous 
(hysteresis-type) motors.—Ford In 
strument Co., Div. of The Sperry = 
31-10 Thomson Ave., Long Island 
1, N 


U-239 Motors. 4-page Form 948 is 
condensed price list on induction (wire- 
wound and squirrel cage), d-c., gear, 
single-phase and, other type motors. 
Lists ratings, prices, data.—Century 
Electric Co., 1806 Pine St., St. Louis 


Mo. 


U-240 Motor Worms and Gears. 4 
page Vol. 32 No. 1 issue of “Motor- 
gram” features article on materials 
used for worms and worm gears; also 
descriptions of new devices using elec- 
tric motors.—Bodine Electric Co., 

W. Ohio St., Chicago 12, Ill. 


Tubing 


U-241 Flexible Tubing. 12-page il 
lustrated brochure presents background 


’ 
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Write Today for Bulletin No. 16.0.080 


UNEXCELLED — 
FOR DEHYDRATION 
OF INSTRUMENT AIR! 


The Pritchard HYDRYER™ 





The Pritchard HYDRYER* is unexcelled for dependable dehy- 
dration of air for instrument and process controls. Dual adsorbers 
provide continuous drying action. Standard packaged units 
designed to reduce dew points of compressed air or other gases to 
minus (—) 40°F. Only service connections are required. Specially 
designed HYDRYER* units can be tailored to 

your individual requirements. Investigate today! 


* Registered Trade Name 
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Specialized 
Heat Exchangers , 






Cooling Towers _ 
‘ — — r i 








| s.r. Pritchard «co™s 


EQUIPMENT DIVISION 


Dept. No. 154 


Specialized Process 








908 Grand Ave., Kansas City 6, Mo. 
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D. C. POWER SUPPLIES 
Regulated & Filtered 


MODEL M210 


200-325 Volts @ 0-300 ma. 
1% Regulation—10 mv or less Ripple 


Flexibly designed fer either 19'' rack 
panel or cabinet mounting. 


Also Available: Standard Power 
Supplies up to 1000 volts @ 500 ma 


Write for literature and recommenda- 
tions on your applications. 


ENGINEERING CORPORATION 
Rectifier Specialists Since 1932 
345 KANSAS ST.—EL SEGUNDO, CAL. 














ACRAGAGE 







Protects egiint 
Pulsation 
and Shock! 


Eliminates 
Snubbers - 


It Can't Plug- 


The Most Significant Pressure Gage 
Development in 50 Years. 


For the first timo successful means of eliminating 
the effect of pulsation and shock on pressure gage 
mechanisms has been developed which DOES NOT 


introduce an orifice or restriction in the pressure 


It Can’t Plug 


FOR COMPLETE INFORMATION, 
WRITE FOR CATALOG C-50 


connection. 


ACRAGAGE CO. 


MILFORD, CONN. 
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events leading to formation of Flex- 
onics Corp. (formerly Chicago Metal 
Hose Corp.) and corporation organiza- 
tional setup.—Flexonics Corp., May- 
wood, Iil. 


U-242 Flexible Shafting. 64-page 
“Form 400” catalog presents detailed 
descriptions and specifications of a wide 
line of flexible shafts and fittings; con- 
iains glossary, discussions, recommen- 
dations, ete.-F. W. Stewart Mfg. Corp., 
4311 Ravenswood Ave., Chicago 13, 
ill, 


U-243 Armored Cable Tubing. 4- 
page Bulletin BA-927 illustrates and 
describes maker’s line of flexible pro- 
tected “Armortube” cable for instru- 
ment lines. Includes specifications and 
applications.—Bailey Meter Co., 1050 
Ivanhoe Rd., Cleveland 10, Ohio. 


Electrical and Electronic 
Instruments 


U-244 Laboratory Standard Bridge. 
Jan. 1952 issue of “The General Radio 
Experimenter” features 4-page article 
on “Type 1652-A Resistance Limit 
Bridge” applicable to production test- 
ing as well as to precision measure- 
ments.—General Radio Co., 275 Massa- 
chusetts Ave., Cambridge 39, Mass. 


U-245 Variable Autotransformer. 8- 
page Form 424-L presents detailed 
specifications on all models of the 
“Variac” continuously-adjustable auto- 
transformer for all types of voltage, 
power, speed and heat control. Last 
page is a “How to Select” guide.— 
General Radio Co., Cambridge 39, Mass. 


U-246 Oscillators. 4-page Vol. 3 
No. 4 issue of “hp Journal” covers 
maker’s large line of test oscillators 
from 0.01 cps. to 10 Mc., including ap- 
plications, outputs, features, etc.— 
Hewlett-Packard Co., 395 Page Mill 
Road, Palo Alto, Calif. 


U-247 Microvolt Recorder. 4-page 
Data Sheet 10.0-8 describes character- 
istics, applicability, operation, and de- 
sign features of new narrow-span po- 
tentiometer circuit for measuring low- 
level potentials including spans as 
narrow as 100 microvolts.—Station 40, 
Brown Instruments Div., Minneapolis- 
Honeywell Regulator Co., Wayne 
Windrim Aves., Phila. 44, Penna. 





U-248 Electrical Test Instruments. 


| 8-page Bulletin 10A covers maker’s line 
| of insulation testing, ground resistance 





testing, dielectric strength testing, 
current transformers, voltammeters, 
and other test instruments.—Associ- 


ated Research, Inc., 3766 W. Belmont 
Ave., Chicago 18, IIl. 


U-249 A-c. Power Supplies. Folder 
entitled “Portable Packaged Power” 
features new model of “Voltbox’’ source 
of variable a-c. power; also new “Volt- 
base” for users of “Powerstat” vari- 
able transformers.—The Superior Elec- 
tric Co., Bristol, Conn. 


U-250 Rectifier. Catalog page and 
two data sheets give detailed data on 
“Style RA” 150-amp. continuous-duty 
selenium rectifier—Mellaphone Elec- 


ng Rectifier Co., lne., Rochester 9 


U-251 Servicing With 0 
12-page Jan. 1952 issue of 
News” contains article by J, 
on use of CR oscilloscope in 
TV sets.—Sylvania Electric 
Inc., P.O. Box 431, Emporium, Penns 


U-252 FM Receiver. Specifies 
sheet covers new “842-c” high eee 
grade FM receiver which has lee 
tory applications in addition to utility 
in telemetering.—Raymond Rosen En 
gineering Products, Inc., 32nd & Wal. 
nut Sts., Phila. 4, Penna. 


Scilloscope 
“Sylvani; 
8. Alle, 
Servicing 
Product; 


Electrical and Electronic 
Components 


U-253 Electronic Components. 14. 
page illustrated catalog No. 972 de. 
scribes maker’s large line of variable 
capacitors, tube sockets, insulators 
pilot lights, connectors, and other com. 
ponents. Includes diagrams, specifics. 
tions.—E. F. Johnson Co., Waseca, 
Minn. 


U-254 Electronic Components. 8. 
page 1952 edition of general catalog 
illustrates and describes electronic test 
instruments, radio and TV kits, compo- 
nents, ete.—Approved Electronic In. 
strument Corp., 142 Liberty St., New 
York 6, N. Y. 


U-255 JAN Components. 48-page 
“JAN Cross-reference Guide,” pre- 
pared to facilitate specifying and order- 
ing, covers capacitors, connectors, crys- 
tal diodes, resistors, switches, trans- 
formers, tubes, ete.—Hudson Radio & 
Television Corp., 48 W. 48th St., New 
York 19, N. Y. 


U-256 Radio Parts. 22-page Cata- 
log 151 lists hundreds of different com- 
ponents and auxiliary devices.—Bud 
Radio, Inc., 2118 E. 55th St., Cleve- 
land 3, Ohio. 


U-257 Rheostats. Jan. 1952 issue of 
“The Ohmite News” features an ex- 
ploded view with descriptions of 
maker’s rheostats—Ohmite Mfg. Co., 
4835 Flournoy St., Chicago 44, Ill. 


U-258 Tubular Rheostats and Re- 
sistors. 16-page Catalog No. 5 de- 
scribes standard line, also new models 
including: fine adjustment rheostat, 
double rheostat, non-inductive rheo- 
stat, miniature slide-wire rheostat, etc. 
—Rex Rheostat Co., 3 Foxhurst Rd, 
Baldwin, L. I., N. Y. 


U-259 Potentiometer-rheostats. 2- 
page illustrated bulletin describes linear 
and nonlinear precision potentiometers 
built to Jan-R-19 specs. Includes fea- 
tures, specification—DeJur-Amsco 
Corp., 45-01 Northern Blvd., Long 
Island City 1, N. Y. 


U-260 Subminiature “Pot.” 1-page 
Standard Bulletin 20 illustrates and 
describes new “Model SR Potentiometer- 
rheostat” with diameter of only. 4 
inch. Includes construction and speci- 
fications.—Standard Electronics Mfg. 
Co., 8617 W. 3rd, Los Angeles 48, Calif. 


U-261 Button Ceramic Capacitors. 
Issue No. 605 (Nov. 1951) of “Sprague 
Engineering Bulletin” gives quantita- 
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; n new button ceramic capaci- 
a Seeing advantages to designers 
welectronic equipment.—Sprague Elec- 
ae Co., North Adams, Mass. 


Paper Dielectric Capacitors. 
ean Catalog 21 gives detailed speci- 
feations of paper dielectric capacitors 
wa ecordance with JAN-C-25.-Sprague 
Rleetrie Co., North Adams, Mass. 


. Limit and Precision Switches. 
ie vol 1 No. 8 issue of “Micro 
Tips” features novel solutions to ten 
safety and production problems sub- 
mitted by users of maker’s snap-action 
switches—Micro Switch, Div. of Min- 
neapolis-Honeywell Regulator Co., 


Freeport, Ill. 


-264 Limit Switches. Eight two- 
Catalog sheets in a tabbed folder 


s eile specifications of limit switches, 
es snap-action switches, aircraft 


ials, ete—Electro-Snap Div., The 
Pehibit Supply Co., 4218 W. Lake St., 


Chicago 24, Ill. 


U-265 Precision Switches. Vol. 7 
No. 1 issue of “Uses Unlimited” fea- 
tures article on the redesign of a per- 
forator with “Micro” units.—Micro 
Switch Div., Minneapolis-Honeywell 
Regulator Co., Freeport, Ill. 


U-266 Connectors. 2-page Bulletin 
DPM-2 gives specifications and features 
of maker’s rack-and-panel-type multi- 
contact electric connectors.—Cannon 
Electric Development Co., 3209 Hum- 
boldt St., Los Angeles 31, Calif. 


U-267 Inductance Pickups. Three 
condensed specifications and price-list 
sheets describe “linear variable dif- 
ferential transformers’”—devices which 
convert a mechanical displacement into 
an electrical output.—Schaevitz Engi- 
neering, Crescent Blvd at Drexel Ave., 
Camden, N. J 


U-268 “Transducers.” 70-page ref- 
erence catalog, “A Compilation of Ana- 
log Transducers,” describes over 500 
analog transducers and contains in- 
dexed information on function, princi- 
ple, transfer characteristics, power re- 
quired, sensitivity, bandwidth, resonant 
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A supply of these cards 
for the asking 
Is your copy of Instruments routed 
to several people? 
Dues your Company Librarian for- 
bid mutilating tech mags? 


Or do you yourself wish to pre- 
serve your own copies intact? 


Just drop us a postal card asking 
for Inquiry Cards and we'll 
send you twelve! Do it NOW. 


) ( 


frequency, limitations, etc. Price 50c. 
—Instrument Div., Allen B. DuMont 
Laboratories, Inc., 1500 Main Ave., 
Clifton, N. J. 


U-269 Displacement Transducers. 
Catalog sheets 211-1 and 211-2 describe 
maker’s displacement transducers which 
Use rectilinear potentiometers. Includes 
specifications and dimensions.—Calvin 
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TEST CHAMBERS 


HIGH & LOW 
TEMPERATURES 
CONTROLLED 
HUMIDITY 


@® +200°F. to —i50°F. 

@ 20% to 95% R.H. 

@ 1 cu. ft. to 75 cu. ft. 
cabinets 





Walk-in Rooms 
Temperature Baths 





Electronic or pneumatic 
recording or indicating 
control systems 





CUSTOM CHAMBERS 
built to specifications. 





Years of satisfactory service! 


52 Washington Avenue 
Carlstadt, New Jersey 


Loe ol 


CABINET COMPANY 











BEARINGS 
Ue eS 


Call or write for information on the ENG-SOL METHOD of 


chemically cleaning surfaces with a high velocity spray of solvent 


and air, 
s 


PASSAIC ANALYTICAL LABORATORIES, Inc. 


228 AYCRIGG AVE. PASSAIC, N. J. 





Here is your LITERATURE and INFORMATION order card 








(March 1952) 


Instruments, 921 Ridge Ave., Pittsburgh, Pa. Nel gual dt Mae's. Sia 


Please have the following catalogs, etc., reviewed in this issue sent to me. 
NI ati es ee ge Seocentapien gaia tala sisikaneds 

















I also desire further information concerning the following products advertised in 
this issue (Write page number and name of company) 











Name __.... ms oa ed 
Company eS ere NET PONE Saas acocseneeses POSICION: .. ela 
Ee eC ES en Be eM ok 1S EGE A RRO A SE ro 


(OR) Home Address 

























































Engineers 


Graduates in Physics or Elec- 
trical Engineering with ex- 
tensive experience in instru- 
mentation or related work for 
developing, testing and inves- 
tigating new devices, tech- 
niques and circuiting. 


WRITE TO: 


Mgr., Engineering Personnel 
Building 11 
P.O. Box 1, Buffalo 5, N.Y. 





Experienced Optical Engineer 
required to manage production 
of appearance measurement in- 
struments designed to measure 
Color, Gloss and other optical 
properties. 


Also should have good back- 
ground and experience in optical 
instrument design, and ability to 
assist in development of new in- 
struments. 


GARDNER LABORATORY, 
INC. 


Bethesda, Maryland 
(Suburb of Washington, D. C.) 








= # Engineer ae | 


Graduate Engineer (Ch.E. 
Preferred) 25-35 for application 
engineering leading to outside 
sales or sales management. Di- 
rect sales experience not re- 
quired. Salary plus profit-shar- 
ing. A real opportunity with 
young, aggressive process equip- 
ment manufacturer—already 
No. 1 in field. 


Ideal working conditions in 
new Suburban Philadelphia Of- 
fice. Send resume to Box 212 
Instruments Pub. Co., 921 Ridge 
Ave., Pittsburgh 12, Pa. 








INSTRUMENT MECHANICS 
WANTED 


The Tennessee Valley Authority wants 
experienced instrument mechanics for 
work in chemical plants at Wilson Dam, 
Alabama. The work is inspecting, test- 
ing, repairing, adjusting, and calibrat- 
ing service instruments, including actu- 
ating connections and control equipment. 
Instruments are electrical, mechanical, 
pneumatic, hydraulic, thermal, or any 
combination of these. Salary is $4075 
per year for 40-hour week. Liberal va- 
cation leave, sick leave, and retirement 
benefits. Write to the TENNESSEE 
VALLEY AUTHORITY, Division of 
Personnel, Knoxville, Tennessee. 








ENGINEERING AIDE capable of 
conducting precise electrical meas- 
urements as required in standard- 
ization of thermocouples, potenti- 
ometers of the laboratory type, volt- 
meters and other apparatus of simi- 
lar nature. Duties will also include 
working out construction details of 
instrument models which may be 
modifications of recording poten- 
tiometers or completely new de- 
signs for specialized process in- 
strumentation. Salary commensur- 
ate with education and experience. 
For further information write Oak 
Ridge National Laboratory, P. O. 
Box P, Oak Ridge, Tennessee. 




















FIRST CLASS 
PERMIT Wo. (441 


(Sec. 34.9 P. L. & R.) 
PITTSBURGH, PA. 








BUSINESS REPLY CARD 


NO POSTAGE STAMP NECESSARY IF MAILED IN THE UNITED STATES 








4c-POSTAGE WILL BE PAID BY— 


INSTRUMENTS PUBLISHING CO. 
921 Ridge Avenue 
Pittsburgh 12, Pa. 











NEW LITERATURE | 


Laboratories, 12 Court St., Morristown 
’ 


U-270 Instrument Transformers, 94 
page 1952 edition of “Instrument 
Transformer Buyers’ Guide” (GBA. 
4626E) gives ratings, ASA accuracy 
classifications, and other data on jn. 
door and outdoor potential and current 
transformers, metering outfits, ete— 
a Electric Co., Schenectady 5, 


U-271 Heavy-duty rectifiers, 6-page 
bulletin and 2-page data sheets illus. 
trate and describe maker’s line of 
magnesium and copper sulphide heavy- 
duty rectifiers for industrial applica- 
tions. Includes construction and fea. 
tures.—Electronic Rectifiers, Inc., 2102 
Spann Ave., Indianapolis 3, Ind. 


U-272 Multivibrator Circuits. 16. 
page Vol. 16 No. 12 issue of “The C-D 
Capacitor” features illustrated article 
on “Multivibrator Circuits and Data.” 
Includes “The Radio Trading Post” sec. 
tion.—Cornell-Dubilier Electric Corp, 
Hamilton Blvd., S. Plainfield, N. J. 


U-273 Permanent Magnets. 20-page 
illustrated Bulletin PM-100 contains 
properties of maker’s Alnico permanent 
magnets in tabular form. Includes cast 
and sintered types; also size and ap- 
plication data.—Carboloy Dept., Gener- 
al Electric Co., Detroit 32, Mich. 


U-274 Pilot Lights. 16-page Form 
L-151 illustrates and describes a selec- 
tion from a wide line of pilot lights; 
includes recently-added models.—The 
Dial Light Co. of America, 900 Broad- 
way, New York 3, N. Y. 


U-275 Illuminated Panels. Folder 
discusses and describes a new method 
of illuminating control panels, dials, 
knobs, ete., involving use of a new 
plastic. Method lends itself to mass 
production.—Universal Aviation Corp., 
230 Park Ave., New York 17, N. Y. 


U-276 Five-way Binding Post. Fold- 
er describes new universal] type of elec- 
trical connectors having 30-amp. ca- 
pacity and 1000-volt working voltage. 
—The Superior Electric Co., Bristol, 
Conn. 


U-277 Hermetic Seals. 4-page bul- 
letin gives specifications of glass-to- 
metal hermetic seals and subassem- 
blies.—The Sealtron Co., 9701 Reading 
Rd., Cincinnati 15, Ohio. 


Acceleration 


U-278 Angular Accelerometers. 2- 
page illustrated Bulletin No. 4.5 pre- 
sents construction features, specifica- 
tions, selection table, and dimensions 
of “Series AA5, AA6, and AAT” angu- 
lar accelerometers.—Statham Labora- 
tories. 12401 W. Olympic Blvd., Los 
Angeles 64, Calif. 


U-279 Accelerometer Response. 4- 
page No. 20 issue of “Instrument 
Notes” presents reprinted illustrated 
article “Response of Accelerometers to 
Transient Accelerations.”—Statham 
Laboratories, 12401 W. Olympic Blvd., 
Los Angeles 64, Calif. 


Page 374—Instruments—Vol. 25 


















LANDING LIGHTS 


WA 














Safe, smooth, night flying of military and commercial aircraft 
depends largely upon efficient traffic control. Aircraft landing lights, 
radar and communications systems usually employ Guardian Relays 
for split-second response, unfailing operation and a minimum of 
maintenance. Again on the ground, Guardian Relays in automatic 
signal systems guide motor car and rail traffic with a speed and 
accuracy far beyond the limitations of human eyes and hands. 
Guardian Relays control many more applications, aship and ashore, 
either open type or HERMETICALLY SEALED to withstand 
dust, gun blast heat, fog, fungi, salt air, stratosphere cold, even 
concussion and bursting shells. From simple circuits to the 
complexities of Time Delay —Timing—Counting— Multiple 
Credit—Add and Subtract or Sequence operations— 

Guardian can solve your control problem... FAST! 






oa be 


AN-3320-1 D.C. AN-3324-1 D.C. Series 595 D.C. Series 610 A.C.—615 D.C. Series 695 D.C. 


WRITE — WIRE —TELETY PE— PHONE NOW! 


GUARDIAN @ELECTRIC 


CHICAGO 12, ILLINOIS 


1638-C w. WALNUT STREET 


A COMPLETE LINE OF RELAYS SERVING AMERICAN INDUSTRY 



















Series 345 D.C. Relay 







A. N. Connector, H. S$. Container 
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A NOVEL and UNIQUE CIRCUIT INDICATOR 


FOR YOUR PANEL 


DESIGNED FOR 
NE-51 NEON LAMP 
For 110 or 220 
volt circuits 
The required resistor 
is an integral part 
of this assembly 
—“‘built-in.” 
RUGGED 
DEPENDABLE 
LOW IN COST 


PATENTED: No. 2,421,321; Cat. No. 521308-997 


© 
WILL YOU TRY A SAMPLE? 


Write on your company letterhead. We will act at once. 
No charge, of course. 
SEND FOR THE 192 PAGE HANDBOOK OF PILOT LIGHTS 
Among our thousands of Pilot Light Assemblies there is one 
which will fit your special conditions. Many are especially 
made and approved for military use. We pride ourselves 
on prompt deliveries—any quantity. 


ASK FOR OUR APPLICATION ENGINEERING SERVICE 
Foremost Manufacturer of Pilot Lights 
The DIAL LIGHT COMPANY 
of AMERICA 


900 BROADWAY, NEW YORK 3, N. Y. 








Quiet! 


SPRING 7-1300 






Forty million 


motors at work! 


TODAY, in instruments and other devices, more than 
forty million Telechron synchronous motors are at 


work... 


quietly serving the nation’s industries, labo- 


ratories and homes wherever accuracy, dependability 
and long life are vital. 

As accurate as current itself, the Telechron motor’s 
light rotor is perfectly synchronized with AC im- 


pulses. 


It responds immediately and reaches full 


speed in a fraction of a second. 

It’s a fact that the rotor shaft bearing of a Telechron 
motor has never worn out, as long as lubrication is 
constantly maintained. 

For complete specifications on the full line of 
Telechron motors, write for booklet IS-120. Telechron 


Dept., 


General Electric Company, 63 Homer Avenue, 


Ashland, Massachusetts. 




















Type B3 Motor—For medium-duty switch- 
ing. controlling and recording-controlling, 
such as time switches, business machines, 
and recording instruments. 

Type C5 Motor—For heavy-duty timing, 
switching and controlling, such as traffic 
controls, airfield landing lights, tower 
clocks and instrumentation. 
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